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Рісбеу Board with PicScript 
£99.00 (plus ржр) 


This is a complete development suite 
for the novice or non programmer. 

It is shipped with: 

e  PicDev Board 

PicShell and PicScript software 
Breakout board 
Cables 
Example scripts 








Both items require 
. PC with serial port available 
. Power supply adapter 
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www.pagm.co.uk 


All you need to get started with PIC 
Industry standard/quality board 

Open the box and get coding 

Available with C compiler ог. 

use our PicScript to write programs using 
simple commands... 





NO ASSEMBLER, 
NO COMPILER, 
JUST WRITE AND RUN 





PicDev Board with C Compiler 
£1 65.00 (plus p*p) 


This is a complete development suite for 
the more advanced programmer. 
It is shipped with: 


PicDev Board 


PicShell and PicScript software 
C compiler 

Breakout board 

Cables 

Example scripts 
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sales@pagm.co.uk Tel: +44 (0)1792 891927 



























Temperature 







Microphone External sensors: Humidity 


€ Low Cost under £60 Temperature 
€ Built in sensors;for light, temperature and sound O2 In Air 
Reed Switch 






(level and waveforms) қ 
€ Use DrDAQ to capture fast signals 1 
€ Outputs for control experiments 
€ Supplied with both PicoScope (oscilloscope) and 
PicoLog (data logging) software 






For more information on DrDAQ, please visit: 


www.picotech.com/drdaq 10/1 





€ Scope and spectrum analyser functions 
€ A fraction of the созі бї benchtop scope 
€ Save multiple setups, for ease of use 
€ Save, print and e-mail; your traces 

€ FREE technical support for life 

€ FREE software and upgrades 

€ Automated measurements 





For more information on our scopes, please visit: 


www.picotech.com/scope 1 91 





Technology Limited 


Tel: 01480 396395 Fax: 01480 306206 E-mail: sales@nicotech com 





Affordable, Professional 


ARM7 C/C++ Development! 


Everything required for LPC2000 Philips ARM7 development 
їп а single, upgradeable kit. 


Industry standard Keil uVISION3 IDE, C/C++ compiler and simulator 
Full Simulation of LPC2000 with peripheral & interrupt support 
Fully assembled LPC2129 board 

16k RAM, 256k FLASH on board 

Dual CAN and RS232 interfaces 

JTAG and ETM trace debug interfaces 

Example program library 

uLINK USB-JTAG interface (optional) 
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Basic 16k code development kits from £75 +VAT 
Full 16k development kit with JTAG-USB debugger £249 VAT 
(Academic price just £149 VATI) 








lektor 


lectronics 

















Ol Internet and Intranet ERIR = a n 


2 All software for the project 





Our incredibly popular MSC1210 microcontroller board (also known ЭР 2 7 9 SN [41-409] 9: 6813 


as ‘Precision Measurement Central’) now provides network and from our website! 





Internet connectivity, allowing the processor to publish its own data 


pages onto the web. The article describes a temperature logger allowing Order now using the Order 





the user to enter, via the Internet, temperature limits and an email Form in the Readers Services 





alarm address. The Micro Web Server can also switch network poris section in this issue. 





from an Internet-connected PC, literally anywhere on the globe. 


Elektor Electronics (Publishing) 
РО. Box 190 


Now available: 


* MSC1210 board (assembled and tested) £ 69.00 (US$112.50) SS HORE EI 
* Network extension (assembled and tested) £ 41.95 (USS 73.95) Telephone 444 (0) 1580 200 657 
* Combined package (incl. all related Fax +44 (0) 1580 200 616 


Elektor Electronics articles on diskette) 





£103.50 (055184.85) 
See also 


www.elektor-electronics.co.uk 
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All new this September 


Sure, every issue of Elektor Electronics contains new articles, else it would not be worth buying or subscribing to, 
would 12 However, while planning the contents of this September 2004 issue, producing the copy and finally selecting 
the articles and regular items that would fit the 70-odd editorial ges to fill, it struck me that ‘new’ may also have a 
deeper meaning. Apart from the ‘Beefy-T’ 300-watt audio отр fai goes back to June 2004, this month's issue shows 
a lot of nerve and innovation, two characteristics we know are highly valued Бу our readers. То kick off, the news item 
on Wireless USB and the technical backgrounder on the USB Embedded Host Controller contain pioneerin: 

et authoritative information we received from our friends at semiconductor giant Cypress. Elektor Electronics was the 
irst electronics magazine to uncover and employ USB for circuits you can actually build at home, and massive suc- 
cesses they were with PCB sales in the k range. Now we claim the same for Bluetooth, a wireless interface standard 
that's taking the PC world by storm but so far remained well out of reach of most of you when it came to microcon- 
troller connectivity. Ready-made ‘FlexiPanel’ modules with an on-board Bluetooth radio are remarkably easy to pro- 
gram and to cap it all they're available from our advertiser Milford Instruments. 
Quizz'away is o premiere for those of you who like thought-stimulating riddles and puzzles hopefully pushing the 
limits of your theoretical knowledge of electronics. We coaxed one of our long-standing and widely respected external 
authors, professor Martin Ohsmann, into supplying a batch of noHoo-easy questions for you to solve, and maybe win 
a prize, too! Slightly less ambitious (no prizes, just fun and learning from your mistakes), is Andy's Quest you can 
play on our website. 
Back to printed paper, Rolling Dice is another first, not only because the finished project will actually roll before it 
shows the number (and drop off the table if you're over enthusiastic), but also because of the photo story illustrating the 





3-D construction. 


It will be hard to overlook this month's focus on Microcontrollers, with one article covering Trends and another а 


basic Bi 


ers Guide together with a Manufacturer Overview. True to our principles we add practice to theory 


by publishing Jim Spence’s fantastic Swiss Army Knife, о microcontroller project so adaptable and easy to use it 
can only be compared to the renowned tool from Victorinox (mine was recently confiscated by airport customs 


because | forgot to remove it from my hand luggage). 


Bogus Parts in electronics covers a subject you will, I'm sure, care to know about rather than see the actual ‘first per- 


formance’ in front of you and suffer the consequences. 


The diverse content and length of some of the main articles in this issue resulted in all design ideas prepared for the 
popular ‘start here’ section to be held over till next month. The October issue will contain an extra large helping of 


these — it's a promise. 
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news & new products 





Wireless USB 


Thomas Biel 


Conventional USB has certainly 
become an indispensable feo- 
ture of everybody's desk. It is 
used to connect scanners, cam- 
eras, hard disks, sound systems 
and webcams after the initial 
installation, and the PC or lap- 
lop can remain switched on 
while the cables are connected 
or disconnected. This is natu- 
rally all very convenient, but the 
drawback is the large number 
of cables attached to the sys- 
tem. The backs of many desks 
have come to resemble cable 
cabinets. 


This could all be remedied by a 
new standard for wireless USB 
devices. In the same way that 
wireless LAN replaces LAN 
cables, wireless USB is intended 
to replace USB cable connec- 
lions in the future (see Fig- 
ure 1). Under the leadership of 
Intel, interested manufacturers 
have formed the Wireless USB 
Promoter Group to develop a 
common standard for wireless 
USB devices. This involves devel- 
oping а radio technology that 
provides reliable data transmis- 
sion at high data rates over short 
distances among devices such 
as home entertainment equip- 


ment, PC peripherals and mobile 
devices. For example, it could 
be used to transfer multimedia 
content without any cables or 
stream high-resolution video 
data from a digital video 
recorder to a television set in the 
living room. 


According to Intel, wireless USB 
(УУ 58) is intended to be fully 
compatible with the USB 2.0 
standard. Among other things, 
this means a data transmission 
rate of up to 480 Mbit/s, as 
well as driver standards and 
device infrastructures that com- 
ply with the USB 2.0 specifica- 
tion from USB.org. 

The targeted working range is 
10 metres, in order to comply 
with the device power consump- 
tion requirements defined by 
USB.org. Intel believes that 
development of commercial 
products using wireless USB will 
be possible as early as 2005. 
This is intended to be assisted 
by support from various indus- 
їгу organisations in the wireless 
data communication опа 
mobile ^ telecommunication 
industries, such as the Multi- 
band OFDM Alliance (MBOA), 
the WiMedia Alliance and the 
previously mentioned Wireless 
USB Promoter Group. 


=> нок 
seco 


Figure 1. Topography of the 


Something completely different 
and significanily more concrete 
is a technology that Cypress 
has been promoting since late 
2002 under the name Wire- 
lessUSB""'. The Cypress Wire- 
lessUSB™ technology differs 
from the standard being pro- 
moted by Intel in the data trans- 
mission rate, the frequency band 
that is used, and above all in the 
intended application area. The 
maximum data transmission rate 
is only 62.5 kbit/s. This very 
low data rate (even relative to 
USB 1.0) is fully adequate for 
applications such as alarm sys- 
tems, PC mice, keyboards, 
gamepads, joysticks, household 
appliances, pagers, regulation 
and control units, inventory man- 
agement, instrumentation and 
the like. The designation ‘Wire- 
lessUSB’ thus does not refer to 
the data rate, but instead to the 
fact that the connection at the PC 
end is made via the USB port. A 
wireless USB transponder using 
a Cypress IC is simply plugged 
inio a USB port, just like the 
familiar Bluetooth USB adapter 
(which also has а higher data 
rate of up to 723 kbit/s). 
Cypress cites the following 
advantages of their approach 
compared with Bluetooth: shorter 
lotency {the time required for а 





WUSB standard promoted by Intel. 


connection to be estoblished — 
less than 8 ms for WirelessUSB, 
versus as much as 2 s for Blue- 
tooth], lower hardware complex- 
ity, lower cost, and no need for 
an extra driver (with operating 
systems having USB support). 
Like Bluetooth USB adapters, the 
wireless USB components from 
Cypress are available in two 
working range versions: ‘LS’ for 
ranges of a few metres and ‘LR’ 
for ranges up to 50 metres. 

The Cypress wireless USB family 
is already in production [since 
2003). Іһ uses the 2.4.GHz 
band, which is available for use 
without licensing in most coun- 
tries, while the frequency range 
preferred by Intel ond the 
MBOA (3.1-10.6 GHz) can Бе 
expected to encounter problems 
with licensing, as it is often used 
for military purposes in Europe. 


Cypress offers a variety of ICs 
and development kits for 
users of the WirelessUSB family. 
At least two units communicating 
wirelessly with each other are 
always required for product 
development. The basic architec- 
tore of the IC is-shown in Fig- 
ure 2, using the CYWUSB6934 
as an example, A developer's kit 
is available for this type and sev- 
eral other types. Strictly speak- 
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Trends іп Microcontrollers Swiss Army Knife 





Nearly every single week a new product appears on the In this extensive article Jim Spence proves that an ultra- 
market. Choosing the right microcontroller for a particu- versatile microcontroller board can be built and pro- 
lar design is becoming increasingly difficult. Reason grammed even by relative newcomers. Included is some 
enough to appraise the latest developments. very special (free) software that enables even the most 


code shy among you to make the controller do some- 
thing. There are two alternatives to communicating with 
the circuit: USB 2.0 or RS232. 





Informative Articles Regulars 








Rolling Dice Bluetooth 
Remote Control 





Different designs and shapes of elec- Bluetooth is a huge commercial suc- In recent years, even electronic com- 

tronic dice have found their way into cess but so far hobbyists and lab ponents are being copied. From the 

this magazine, but one thing they had workers have been barred from outside these parts are indistinguish- 

in common: they were all two-dimen- access to ready-made modules for able from the original, but on the 

sional dice. But now that is about to this wonderful new medium. That's inside they are pure fake. This can 

change! about to overturned by this article, have nasty consequences when you 
written using the motto: Bluetooth solder one in your circuit! 


modules for everyone! A tracking 
robot does the trick. 





ruction Projects 









Army K 
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UGWR2US 
Juno - LPA Module 


Figure 5. The WirelessUSB module made by OEM manufacturer 
Unigen has a range of more than 1 km. 


ing, each of the ICs in the 
CYWUSB69xx family is just an 
integrated RF data transmitter or 
transmitter/receiver (transceiver) 
with an SPI interface, which 
makes it а sort of SPI/RF inter- 
face (SPLRF bridge). Тһе 
CYWUSB6934 is a transceiver 
of this sort with an SPI interface. 
The only difference between the 
CYWUSB6932 transmitter IC 
and the CYWUSB6934 trans- 
ceiver IC is that the receiver por- 
tion with the RF input (RFIN), 
shown outlined in Figure 2, is 
omitted in the transmitter ІС. The 
CYWUSB6932 is thus suitable 
for applications such as а wire- 
less mouse (Figure 3), where it 
is only necessary to transmit 
data and the receiver channel is 
unnecessary. Figure 4 shows а 
typical block diagram of the cir- 
cuit at the USB host end (PC 
end). In this case it is naturally 
necessary to have a receiver 
channel, which is provided here 
by the CYWUSB6934 acting as 
а WUSB transceiver for bi-direc- 
tional communication. The sec- 
ond IC in this circuit is a Cypress 
enCoRe USB controller, which 
provides the USB link to the PC. 
This combination works without 
any special driver and utilises 
the Microsoft USB HID class. It 
supports up to six peripheral 
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devices and offers several differ- 
епі error correction methods 
(FEC, CRC and ARQ), as well as 
128-bit encryption. The circuit 
does not require any external 
chokes, and the antenna is 
implemented in the transceiver 
IC. The ICs comply with the USB 
power saving standards, and all 
ICs in the Cypress WirelessUSB 
family are optimised for opera- 
tion using disposable ог 
rechargeable batteries 
(2.4-3.6 V). 


During this year, Atmel will 
become the second IC manu- 
facturer to produce and supply 
WirelessUSB™ ICs. A correspon- 
ding licensing agreement with 
Cypress was announced in late 
June. WirelessUSB is also being 
supported by OEM manufacturer 
Unigen, which started produc- 
ing low-cost modules using 
Cypress WirelessUSB сотро- 
nents in June. The first deliver- 
able product is a transceiver 
module called ‘Juno LPA’ (Fig- 
ure 5). The Juno LPA module 
supports separate transmit and 
receive antennas and has a sup- 
plementary RF output stage for 
ап increased range of more 
than 1000 m. 
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Figure 2. Block diagram of a Cypress WirelessUSB 
transceiver IC. 
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Figure 3. Basic schematic diagram of a wireless optical mouse 
with a WirelessUSB transmitter. 
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Figure 4. Basic schematic diagram of a WirelessUSB transceiver 
with a USB host link. 


Web pointers 


WUSB (Intel) 
www.intel.com/update/departments/wireless/wi02041.pdf 
www.intel.com/labs/wusb 


WirelessUSB™ (Cypress) 
www.cypress.com/products/daiasheet.clm@parinum=CYWUSB6934 
www.deviceforge.com/articles/AT9015145687.html 
www.eetimes.com/design_library/OEG20031031S0054 
www.unigen.com/product/wireless overview.cfm 





TRENDS IN MICROC 


The number of different 
microcontrollers on offer just 
keeps on growing. Nearly every 
single week a new product 
appears on the market. Choosing 
the right microcontroller for a 
particular design is becoming 
increasingly more difficult. 
Reason enough to appraise the 
latest developments. 
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ONTROLLER 








The microcontroller market is mostly dominated Бу а few 
‘heavyweights’ such as Microchip, Atmel and, fo a lesser 





facturers who make very interesting developments in this 
area, There are also a number of manufacturers who are 
not at all that well known for their microcontroller prod- 
ХОЛООС ОШО 
as a consequence: Names 
that come 10 mind are 
Toshiba with its TMP86xxx- 
family, and Zilog, the inventor 
of the famous 780, who now 
offers Ihe Z8 Encore! and 
е780 families. Also don't for- 
get Dallas Semiconductor 

With its DS89C420, Cypress with ifs Pso€ (Programma- 
ble System-on-Chip) odi аз the СҮ8С27х, or the, ип! 
recently, completely unknown company Судпа! 

C805 I xxx. 

The majority of these products, һо) 

have to have some very desirable pr 

secure а prominent эро! in ап о 

ket, A few years ago, the P Chom 

in doing this, Y 






4 Бои» {геп їз that the micro- 
controllers are becoming increasingly 
more powerful: more memory, more 
inpuls and outputs, more integrated 
peripherals, etc. A lesser-known 
development is currently in 
progress at the bottom end of the 
market, both at Microchip, апа, to 
a smaller extend, а} Atmel. 
For example, Microchip developed 
the 1 2Fxxx from the 12Cxxx. The 
different letter indicates an important 
difference: the 12C is an ОТР (One 
Time Programmable) device, while the 
12F is provided with Flash memory, 
which can Бө electronically programmed 
andierased о few thousand times. 
These chips are available in either 8 ог 14- 
pin packages and are mainly intended for low 
соз! applications where until a few years ago 
microcontrollers were avoided because of their size 
or cost. Faithful Elektor Electronics readers will know the 
129508 (Figure 1), the first member of this family: But 
let us first take a look at the 126629; which, іп its 8-ріп 
package has the following to offer: 1 К Flash program 
memory, an EEPROM 128 bytes in size, 64 bytes of 
RAM, б 1/Өліпез, an 8-bit and a 16-bit programmable 





9/2004 elekior electronics 


extend, Philips. In addition, there are many smaller manu- 


16-bit devices 
appear to be old hat 


AN ABUNDANCE 
OF CHOICE 


timer. If all of this is not enough, the 12F675 may be 
more appropriate. Incidentally, the numbering scheme 
escapes us. This one is identical to the 629; but in addi- 


lion provides a 10-bit, 4-channel ADC. These ICs operate 


from an internal RC clock source up to 4 MHz or from an 
external crystal 10201012” 
Atmel hasn't been sitting idle 


in this area either, and has the | 
Attiny-family, which comprises | 


nine different Versions. 
though it can't 
new, the 


5 аге becoming more common 
i ір has decided to offer the 
2 ‘radio frequency РІС. This опе is part of 
mall PIG family that we discussed just before. Їп а 
gle package, the ГІРІС contains, in addition to the 
Microcontroller, a complete circuit Юг an ASK- or FSK- 
transmitter (Amplitude or Frequency Shift Keying). Also 
provided, to ensure а stable frequency, a VCO (Voltage 
Controlled Oscillator) and a PLL (Phase Locked Loop), 
based on the crystal frequency of the circuit. 
The basic version, the 1120509 comprises а 126509 
‘and a builtin fransmilter- But for the creative among 05 
the rf12F675 is much more interesting. This is, after all, 
the aforementioned 12F675 with the radio added: 
Applying these controllers is very simple, аз is illustrated! 
by Figure 2. 





Trends 
Beside the usual increase of on-chip, integrated memory, 
the last few years show two more main areas of micro- 
controller development. 
The first concerns the operating speed! Although count 
less circuits are still provided with a 4:МНе crystal) the 
product catalogues from the Microchip, Amel and 
Motorola are full with ICs that will function at 16 ог 
20 MHz. Note that it is not that straightforward fo just 
compare clock speeds. An АТтедо128 {тот Aime! oper- 
ales on ajclock frequency of ‘only’ 16 MHz, but executes 
nearly all instructions іп а single clock cycle. On the 
other hand; an MC9S112D from the HCS12 family from 
Motorola runs at 25 MHz but requires multiple clock 
cycles per instruction. 
The second main frend/concerns the specialisation of the 
internal peripherals. The UART and SPI interfaces һауе 
en common in the higherend microcontrollers from: 
most manufacturers for many years. But now more spe 
cialised interfaces are being added. Virtually all manu- 
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Figure 1. A window 
through which the 
memory is erased 

with ultraviolet 
radiation. This 
image will soon be 
condemned fo the 
past as а 
consequence of the 
rise of Flash 
memory. 


entry into the 





Figure 2. The RF 
part in an rfPIC is 
easy to use. 
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microcontroller 
world. Microchip 
has the 16С745, 
the 765 and the 
future 18Ғ2455, 
255, etc. Atmel 
offers the AT91RM3400 and even Motorola has adapted 
a version of the old 6805, such as the 68НС70518х. 





0165-13 





facturers support the 12С bus. Sometimes the interface 
operates only in the simplest slave mode, but more offen 
than not, in master mode as well. The USB (Universal Ser- 
ial Bus) interface, popular because of the PC-market, is 
quickly making its 





ARM 


On our whirlwind tour of the microcontroller world we 
cannot ignore the products from ARM. Although ARM, 
strictly speaking, doesn’t actually manufacture microcon- 
trollers, it has provided for many years ће 32-bit cores 
that well known manufacturers such as AMI, Atmel, Cir- 
tus, Philips, Samsung, STMicroelectronics, Texas Instru- 
ments and even Intel happily use in their own products. 
We get the impression ihat this concerns an important 
development. Why worry about developing your own 
32-bit microcontroller when an industry-accepted core 
already exists? The need for increasingly advanced prod- 
ucts, which, at the same time, are still easy to maintain 
and use, inevitably influences the intelligence of each sys- 
tem: the microcontroller. The need for an ever-increasing | 
number о functions translates into a transition from ће 
traditional 4- or 8-bit controllers to 32-bits. It seems that 
progress has skipped over the 16-bit versions, because 
32-bit offers a much higher performance and unequalled 


flexibility 


Applications 
Especially in cars, the use of microcontrollers is becoming 
increasingly important. This has resulted in manufacturers 
not only integrating CAN-bus controllers on their chips 
but the microcontrollers themselves are becoming more 
advanced. This is the case, for example, with the 
18F2332 from Microchip, which can operate at 
40 MHz. The same is true for the MC68HC90BMRx from 
Motorola. 
Even in this ocean 
of digital chips, the 
analogue world 


The use of microcontrollers in cars is fo: na been for- 


gotten. These days, 


becoming increasingly important ali manufacurers 


have ICs in their 

product catalogues 
with advanced analogue/digital-converters. An example 
is the ATmegal 28 from Atmel. It contains a 10-bit, 8- 
channel model, which operates in normal mode (single 
ended) as an 8-channel converter. 7-channel differential 
mode is also possible and 2 channels are provided with 
ап integrated programmable amplifier (1 to 200 times). 
For many applications there is no longer the need to 
resort to an external converter. 
The addition of internal peripherals has no negative 
impact on the amount of memory. On the contrary, the 
better-endowed ICs often contain memories of amazing 
size. Table 1 provides an overview of the three ‘largest’ 
presently available microcontrollers from Microchip (the 
18Cxocfomily), from Atmel (the ATmega-family) and from 
Motorola (ће HCS12-family). Conspicuous in this table is 
the МС512Н2568 from Motorola (Figure 3) with the 
overwhelming 99 parallel |/O-lines and 256K-Flash 
memory. This is quite a bit different than the 68705P3 
with 20 I/O-lines and 1.6K-memory. 





Phoenix 

You know, the mythical bird that rose from its own ashes. 
There is a microcontroller that we certainly have to give 
some attention despite the fact that we're now in the sec- 
ond half of 2004: the 8051. Even though this microcon- 
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troller, in its basic form, first appeared on the market at 
the end of the 805, it is still the basis for many new 
developments. 

Despite its respectable age, the 8051 has survived 
thanks not only to the addition of new internal peripher- 
als and expansions fo the program memory, but also 
additional features that used to be considered impossible 
[such as in-circuitprogramming, discussed further on in 
this article). 


If the 8051 assembler doesn’t hold any secrets for you 
апу more, then you should take a look at the AT89xxx 
family from Atmel. All ICs in this family were developed 
from the 8051, but have in-circuitprogramming, new 
internal peripherals and expanded program memories. 
IF you find that these ICs are а little too ‘well-done’ then 
maybe the new Philips family P89LPC900 has something 
to offer you. If this name doesn't mean anything to you 
then you should dive into your Elektor Electronics archive 
for the October and November 2003 issues in which this 
IC was discussed extensively. 


Programs and development tools 
Initially, that is to say, when a microcontroller barely con- 
tained 1 or 2 kB of memory, programming in assembler 
was the only real option. The available memory would 
easily have been filled with а few lines of a higher pro- 
gramming language, because a single line usually results 
in numerous lines of assembly language as a result of the 
‘expansion urge’ of the compiler. 


The assembler is still an indispensable tool if we want to 
create a genuine real-time program or if we want to 
obtain the greatest possible performance out of the micro- 
controller. But these days, the preference is to use a 


Table 1. Main specs of three modern controllers 








higher programming language. Most programmers now 
select either BASIC or C in preference to assembly. 

There are now C compilers for all microcontroller fami- 
lies. This varies from the quite pricey products such as the 


and Motorola. 
























































Parameter ATmegal 28 (Atmel) 18F8720 (Microchip) | MC9S12H256 (Motorola) 
Flash program memory 128K 128K 256 K 
EEPROM data memory 4K 1K 4K 
RAM memory 4K 3.8K 12K 
8-bit timers 2 0 
16-bit timers 2 3 1 
Capture and compare timers 4 5 8 
PWM channels 8 5 6 

1/0 lines 53 68 99 
Сази ‘asynchronous 2 2 2 

SPI 

{serial smchrorious inlerface) 1 1 1 

ЁС interface - 1 1 

A/D converter 8 channels 16 channels 16 channels 
А/О resolution 10 bits 10 bits 10 bits 
Analogue comparators 1 2 

Maximum clock frequency 16 MHz 40 MHz 32 MHz 
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Figure 4. Although 
MPLAB is free, it 
contains ing 
to an 
pplication lora 
PIC with a 





friendliness. 


Figure 5. Operating 
principle of in- 
circuit programming 
USP or ICSP). 
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CCS С PIC compiler to the freeware PICC-Lite C compiler 


from Hisoft, which is often sufficient for many applica- 
tions. 

For those who 
prefer not to 
work in C or 
assembler there 
аге excellent 
BASIC-compilers, 
such as һе 
PicBasic Pro Compiler from Micro Engineering Labs and 
Proton from Crownhill Associates. For the AVR-family from 
Atmel you could use Bascom AVR from MCS Electronics. 


ISP connector 














Y 


to remainder of circuit. 


010165-18 








Most programmers now prefer 
BASIC or C over assembler 











For the 8051 family there is, among others, a special 
Bascom version from MCS, and SDCC, a free C com- 
piler. Only the 
Motorola prod- | 
ucts suffer from a 

sparse availabil- 

ity of compilers, 

since the amount 

on offer is 

absolutely mini- 

mal. 

Accepting the fact that most software developers often 

use identical programming elements, Microchip has 

come up with ап original idea: a new program called 

Maestro. Using this, you can develop an application with 

next to no actual programming. This development envi- 

ronment can be downloaded free from the Microchip 

website and makes it possible to stick together standard 
modules. In this way a program can be put together 

nearly automatically. 


In addition to a compiler, a microcontroller project also 
requires other development tools. Microchip and Atmel 
have the upper hand here with MPLAB (Figure 4) and 
AVR Studio respectively. These development environ- 
ments, running under Windows, contain everything a 
programmer could only dream of a few years ago, 
including a program simulator. This development is still in 
progress, because MPLAB is currently up to version 6.5 
and AVR Studio is up to version 4, so that even new 
products are well supported. 

Despite the remarkable number of features these develop- 
ment tools are completely free. You only need to down- 
load them from the manufacturer's website to get started. 
It has to be noted that Motorola and other lesser-known 
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manufacturers are running behind іп this area, certainly 
when compared with these free products. 


In circuit programming 

Although it isn’t really new, ISP (In System Programming) or 
ICSP (In Circuit Serial Programming) is without doubt the 
most important development regarding the programming 
aspect. When the programmer has created the program in 
the correct form, microcontrollers that support it can be 
programmed from a standard PC via a very simple inter- 
face, while the 
controller itself 
can remain in the 
circuit. 

Figure 5 illus- 
trates the operat- 
ing principle of 
this concept. The 
microcontroller 
obtains its power 
supply and clock 
signal from the 
PCB. Two or three port pins on the IC temporarily have an 
alternative function, which makes it possible to erase and 
program the program memory. If the application doesn’t 
use these pins, then they may be connected directly to а 
PC. Otherwise a few jumpers or DIP switches may be 
required to isolate the circuit during programming. 

All modern microcontrollers with Flash memory support 
this programming method and on the Internet countless 
free software can be found for all the various controllers 
to program them in this way. 

A program that distinguishes itself in this respect is FLIP 
(Figure 6). It is offered free by Atmel and can program 
countless microcontrollers from this manufacturer, pro- 
vided they have some kind of serial interface (RS232, 
SPI, USB and even CAN-bus). This is currently the most 
versatile program around. 


n 
Microcontrollers or not? 

In this article we must not forget to mention special micro- 
controllers such as the Basic Stamp, the PIC Basic and the 
Basic Tiger. These ICs with 24, 28 or 40 pins have, on а 
tiny PCB, а fast microcontroller, which is pre-programmed 
with an interpreter for a higher language. This is usually 
BASIC, but other programming languages are emerging, 
such as Java for the Javelin Stamp гэх Parallax. Even 
programming in an object-oriented language is possible 
with the OOPic. 


Internet addresses 


Author’s website (in French): http://www.tavernier-c.com/ 


Conventional microcontrollers and development tools 


ARM: Вир Гали отсо. 

Ате. һїїр://ттил\те! сот/' 

Microchip: hitp://wew.microchip.com/ 

Cygnal: hitp://veww.cygnal com/ 

Cypress 22202777 

Motorola: hitp://mot-sps.com/ 

Philips hip:/ /www semiconductors philips опу 
Toshiba: hitp://wninw.toshiba.com/taec/ 
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Free development tools running under 
Windows contain everything that program- 
mers until recently could only dream of 





Even though these producis are very successful, they are 
very expensive compared io real microconirollers, mainly 
because of they way they are manufactured. They seem 
to be most suitable for experimental applications or small 
production runs. 


Conclusion 

Much more can be said on this topic. But if we have to 
summarise the developments of the microcontroller area 
in a few words, then we can say that the advance of 
microcontrollers 
in all aspects of 
electronics is 
becoming 
increasingly 
important. These 
can be either 
more powerful 
devices on the 
one hand or with 
ever smaller and 
cheaper versions 
on the other hand. The application of microcontrollers is 
becoming easier and easier with free development tools 
and powerful compilers. 

The microcontroller has become an indispensable part of 
electronics. This is testified by the many projects contain- 
ing microcontrollers that have already appeared and will 
appear in Elektor Electronics. 
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hitp://veww-zilog.com/ 


Special microcontrollers 
Parallax: 

1109 

Basic Tiger: 


ир: чение porallax.com/ 
lHittp://www.oopic.com/. 
htip://vrww.wilke.de/ 


Compilers 


CCS C Pic Compiler: 

PICClite C Compiler: 

Bascom AVR en Bascom 8051: 
Proton - Basic compiler: 
PicBasic (Pro) Compiler: 

506С Compiler: 


hittp://svew.ccsinfo.com/ 
http://www. hisoft.com/ 
115/(1::545: 55011) 
http://www pichasic.org/, 
http://w melabs.com/, 
hittp://sourceforge.net/projects/sdcc 





Figure 6. The FUP 
software program 
from Atmel for the 
in-circuit 
programming via 
practically any 
serial connection. 
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MICROCONTROLLER 


A dazzling choice of devices... 





Lots of semiconductor manufacturers also supply 
microcontrollers. The plethora of available versions and 
their increasing flexibility do not make it easy to find the 
right micro for your specific application. 











BUYERS GUIDE 


Comparing and weighting microcontroller specifications 
being largely subjective, it's just not possible to give hard 
and fast rules to anyone wishing to pick ‘the best’ micro- 
controller for a given job. In nearly all cases the starting 
point will be the actual application with its very specific 
requirements. This article does not aim at comprehensive- 
ness by listing thousands of different microcontrollers but 
rather summarizes selection criteria to help you reduce 
the number of micros you could use from stunning to 
manageable. 


Speed 

What is commonly referred to as the speed of a micro- 
controller is not just dependent on the maximum CPU 
clock and the clock generator (quartz crystal) — you also 
need to look at the number of clock cycles the micro 
takes to execute an instruction, as well as the program- 
ming language used (assembler may be many times 
faster than a higher language). Depending on the clock 
frequency, universal controllers are suitable for applica- 
tions well into the megahertz range (video processing). 


Program memory 

The program to be executed by the micro is stored in 
non-volatile memory. An internal OTP EPROM can be 
loaded once only, hence the more expensive Flash ver- 
sion of the controller is usually employed during the pro- 
gram development phase. Flash memory can be loaded 
in seconds and is equally simple to erase. This may be 
done using a programmer or їп-сїгсой (ISP). These days 
the size of conventional internal program memory 
ranges from zero to 1024 kB of Flash memory (perhaps 
even more?). 


Microcontrollers with a little window for EPROM erasure 
using UV light are now old hat. External windowed 
EPROMs are now only used in the case of very large pro- 
Gram: Sall RAN Hare ereas avissem deaig 
EPROMs. 


EEPROM 

When program variables are to be retained even if the 
microcontroller is switched off completely, EEPROM non- 
volatile memory, internal or external, is called for. Con- 
trary to some popular beliefs, the number of write opera- 
tions sustained by EEPROMs is not infinite. 

In general, external EEPROMs are connected to the 
microcontroller via a two-wire bus. They are typically 
used when certain application-specific data (like calibra- 
tion values) are to be read at the start of the program. 


RAM 
RAM is used to store variables during program execu- 
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tion. RAM on board microcontrollers is usually limited to 
4 kB and the actual requirement is often much lower. 
External RAM is also possible. 


Digital Input/Output (1/0) 

The number of digital /О lines you'll need in your target 
application should be easy to tell. However, if the inter- 
nal resources are exhausted, 1/О may also be used to 
соппес! peripheral circuits. For simple applications you 
have a wide choice of controllers sporting little 1/О (for 
example, Atmel's ‘Tiny’ devices with just eight pins). In 
some cases, whole ports are required in parallel mode, 
and that's when you cannot avoid those difficult to solder 
multidegged beasts. 


Timers/counters 

If a program is to measure periods, or count events, 
then the controller should have timers and/or counters 
оп board. Fortunately, most current models contain up 
to three each of 8-bit or 16-bit timers/counters under 
the control of internal registers. Timers/counters are 
also needed to generate a clock-independent signal 
(PWM, UART). 


The Watchdog timer is a special case. It is set to an inter- 
val by the running program having to reset it all the time. 


External interrupts 

Not only timers/counters generate interrupts. When ап 
external event is to halt the main program execution and 
force a service subroutine to be run, one or two external 
interrupt inputs are available on most micros for this pur- 
pose. 


Interfaces 

Very useful to have are on-chip industry standard inter- 
faces like 12С, 125, SPI, CAN, USB, LIN or one for a 
common LCD. True, such interfaces can be emulated in 
software, but you'll find that doing so takes time and 
deep knowledge of assembly code programming. 


Analogue hardware 

Microcontrollers frequently feature integrated interfaces 
to the analogue world. These interfaces include ana- 
logue/digital converters (with different resolutions and 
analogue multiplexers in front of them), analogue com- 
parators and even operational amplifiers (with output to 
аріп). 


Modes of operation 

These are interesting to look at if a micro is to work in a 
battery-powered circuit. A number of subcircuits in the 
controller may be switched to 'sleep' mode to save power. 
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Programmability 

When the controller has an ISP interface, it can be pro- 
grammed in the host circuit. If not, you'll need a more or 
less complex programmer. An ISP-less controller soldered 
into a circuit can not be reprogrammed without a lot of 
work. 


Special features 

There exist microcontrollers that are only suitable for a 
specific application like motor control, DSP and con- 
trollers with an RF input section. If you're planning a 
related application, these special devices may be well 
worlh considering. 


Price, availability, case 

The price of a microcontroller is not too important if you 
are doing a one-off project or a small series. However, 
ihere's little satisfaction in finally having found the ideal 
type for your application and then discovering that the 
chip is only available in 10,000» quantities directly from 


Korea. The enclosure your ‘dream’ micro comes in is also 
ап important factor, after all, who's capable of monuolly 
soldering a 256-pin "fla-something' case with pins at 
sub-millimeire distance? 


Development Systems & Co. 
This point is of marked interest to semi-professional devel- 
opers. If you program in assembler, every new controller 
family you embrace requires a new language to Бе 
learned. If you do not like that, you either stick fo the 
same conirollers for years or invest in a higher-language 
compiler like C, Pascal or Basic. These products are usu- 
ally suitable for several controllers, but tend to generate 
bulkier code than assembler. 

To this should be added the cost of a development sys- 
tem. For some controller families, IDE's are offered at no 
cost while for others you need to dig deep in your 
pocket. In particular commercial programmers that come 
with complex ‘pods’ (controller sockets) may have extor- 
tionate price tags. 2 





Microcontroller manufacturers overview 
4-, 8-, 16-, 32- and 64-bit families 


Altera - www.altera.com 
32-bits: ЕРХАххх (ARM УАТ), Nios (Nios) 


Analog Devices - www.analog.com 
8: | ADuC8xx (8051) 


AMD - www.amd.com 
32bits: Ав1х00 (MIPS) 


Atmel - www.atmel.com 

Abits: Т48С510, ATAxxx (MARC-4) 

B-bits: АУ (AVR), AT89xxxx (8051), 
Mega AVR (AVR) 

16-bits: C251 (8051), АТ91хххх (ARM) 


ARC International - www.arc.com 
32-bits: АВС501 (ARCompact), ARC7xx, АВСбхх, 
ARCtangent (RISC) 


ARM - www.arm.com 
32-bits: ARM10xx, АВМ1 1 xx, ARMZxx, ARM9xx, 
SCxxx, MPCore (ARM) 


Cirrus Logic - www.cirrus.com 
32-bits: CS89712, EP73xx, EP93xx, Р57500хх (АЕМ) 


Cybernetic Micro Systems - 
www.controlchips.com 
bis: Р-51 (8051) 





Cygnal Integrated Products - 
www.cygnal.com 
8-5: C8051 Fxxx (8051) 


Cypress Microsystems - 
www.cypressmicro.com 
8-bits: | CY8C2xxxx (M8C) 


Dallas Semiconductor (Maxim Integrated 

Products) - www.maxim-ic.com 

&bits: | DS2xxx, 085ххх, 0880Сххх, DS87Cxxx, 
0589Сххх, МАХ765х (8051) 


Fujitsu Microelectronics - www.fujitsu.com 
8-bits: МВ89ххх (Ғ2МС-81) 

16-bits: МВ9Оххх (F2MC-16) 

32-bits: МВ91ххх (FR) 


IDT - www.idt.com 
32-bits: RC32xxx (MIPS) 


Infineon Technologies - www.infineon.com 

8-5: . C5xx, C868 (8051) 

16-bits: С16ххх (C166 v1), ХС1бххх (C166 v2) 

32-і: ТС11В, TC19xx (її Соге V1.3), TC17xx (Tri- 
Core V1.2) 


Intel - www.intel.com 
8-bits: 8хС251х, 8хС51хх (МС551) 
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léits: 
32-bits: 


80С18х, 8хСх9бхх (=МС$-х9бххх) 
80960 (1960), IXC1100, ІХРА (StrongARM 
v5TE) 


Microchip Technology - 
www.microchip.com 


Bits: — PIC12x»x, PICT ххх, РІСІ Oxxx, РІСІ ххх, 
РІСТ 8ххх, rfPIC (PIC micro] 
lóbits:  dsPICxxxx (Modified Harvard RISC) 


MIPS Technologies - www.mips.com 
32-bits: АКхх, МАК, 24Kx (MIPS) 
64-bits: 20k, 10Кх, 5Кх (MIPS) 


Motorola Semiconductor - 

www.freescale.com 

8-bits: МСб68Нххх(НСОХ| 

lóbits: НС512х, M68HCxx (HCS12) 

32.bits: 68300 (68K), МСЕ5ххх (ColdFire), Мсоге xxx 
(RISC), МАС7ххх (ARM), MPC5xxx (PowerPC) 








National Semiconductor - 
www.national.com 

B-bits: . COP8xxxx (Modified Harvard RISC) 
16-bits: СВ16хххх (Compact RISC) 





NEC Electronics - www.necel.com 

8-5:  78KOS/Kx1, 78KO/Kx1 (NEC К) 

32-bits: у850Е5/Кх1 (v800) 

64-ы: VR41xx, VR5xxx (MIPS) 

Oki Semiconductor - www.okisemi.com/us 
4ы MSM6318xx, М5М6415хх (nX) 

32-bits: М167хххх (ARMZTDMI) 





Philips Semiconductors - 
www.semiconductors.philips.com 
Bits: Р8хС5х, Р891РС9хх, P8xLPC76x (8051) 
lébits: РХАхх (ХА) 

32-bits: ІРС2хОх (ARM7) 


Rabbit Semiconductor - 
www.rabbitsemiconductor.com 
Bits: | Rabbit 2000, Rabbit 3000 (780/180) 


Бела Technology - www.renesas.com 
its: М45хх (720), Héxxx (НМС5400) 

M38xx, M78xx, M3754x, H8/380xx (H8) 

M77xx, M79xx (740), H8/30xxx (Н8), 

H8S2xxx (Н85), М16С/хх, M32C/xx 

(M16C), H8/36xx, H8SX/1xxx (H8) 

5Н ххх (ЗирегН), M321 xx (RISC) 





32-bits: 
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Silicon Storage Technology - www.sst.com 
Вн: | 55189хххх [FlashFlex 51) 


Sharp Microelectronics - 
www.sharpsma.com 

lébits: 1Н754хх (ARM) 

32-Ы: 1Н7952х, LH7A4xx (ARM) 


STMicroelectronics - www.stm.com 


Bbils: — STó2xx (516), ST72xxx, ST7Flite (517), 
UPSD3xxxx (8032) 

lóbils: 5Т10хххх (BOC166], ST92Fxxx (519), 
STR7xxx (ARM) 

32bits: STAORA (SHA) 


SuperH - www.superh.com 
32-bits: SH-4xxx (SuperH) 
64-bits: 5Н-5ххх (SuperH) 


- www.tensilica.com 
Xtensa V, Xtensa LX (Xtensa) 


Tensilica 
32-bits: 


Texas Instruments - www.ti.com 
16-bits: М5РАЗОхххх (MSP), ТМ5470 (ARM) 


Toshiba America Electronic Components - 
http://chips.toshiba.com 

Bits: TMPxBxxxx (TLCS) 

ló-bits: ТМР9бхххх, TMP9 1хххх, ТМР95хххх, 
ТМРОЗжох (TLCS) 

TMP92xxxx, ТМР9Ахххх (TLCS), ТМРВ19х, 
TMPR39xxx (MIPS) 

TMPRA9xx, TMPR99xx (MIPS) 


32-bits: 
64-bits: 


Triscend - www.triscend.com 
Bits: ЕБ (8051) 


Ubicom - www.ubicom.com 
8-Б: | SXxxxx, IP2012/2022 (MASI) 
32-bits: ЇРЗ023 (MASI V2) 


Xemics - www.xemics.com 
Bits: — E88LCOx (RISC) 


Xilinx - www.xilinx.com 
32bits: PowerPC 405 (PowerPC) 


Zilog - www.zilog.com 


ВЫ: — eZ8Oxxx, 7Вхххх, Z8Fxxx, Z8 Епсоге! 
(780/180) 
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РСВ Desic gn. Softwar 


hom ^. High өбө Windows based PCB Design Capture, «3 
` с97 = Simulation and Layout software а! prices you’d expect n 
from your local computer store! < 





NEW! in Еаѕу-РС 7 Stop press... by customer demand, now 

* Library Databook with Tsien Boardmaker 2 design import... 

* Step and repeat plotting 1 еә 

e Swap Connection Mode Number One Systems delivers true 32 bit Windows software 

e Dimensioning applications including features that a few short years ago would 


e Copy to Metafile only have been available in software tools priced in the thousands! 


plus much more Test drive Easy-PC and Easy-Spice for yourself and be prepared to 


be amazed at the super value... 





Call for a brochure, price list and demo CD 
on +44 (0)1684 773662 or email sales@numberone.com 


Number One Systems 







RAP £12.05 


CD-ROM Robotics {089 21.25) 


In Robotics, electronics meets information technology as well as 
mechanical engineering. The meeting results in a boundless 
experimental field. Do you want to explore it? 

For beginners the shortest way is along the kits line, while 
experienced users and programmers are best served by DIY 
construction. Both options are available on this CD-ROM thanks to Order now using the Orde 
a large collection of datasheets, software tools, tips en tricks, orm ii вай 
addresses, Internet links to assorted robot constructions and general | ctior 

technical information. All aspects of modern robotics are covered, 

from sensors to motors, mechanical parts to microcontrollers, not ektor Electronics (Publishing 
forgetting matching programming tools and libraries for signal oe 


processing. Robots built from LEGO® bricks also get a fair amount of 





attention. а: 0) 
See also 
= - www.elektor-electronics.co.uk 
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Handyscope Н53 гсн 


Resolution Menu - 12, 14 ог 16bits 
Sample Rates - 5,10,25,50,100 Ms/s models 


; SPI, PC, па 


VY Oscilloscope imers/Counters, RIC etc) 


У Spectrum Analyzer 

У Voltmeter plus! 

v Transient Recorder 

vy Arbitrary Waveform Gen. 
У Two hi-z probes 1:1-1:10 
У USB 1.1 or 2.0 

/ Windows OS- all 


1] Рр La 
28 Stephenson Road, Industrial Estate, St Ives, Cambs. Pe27 3WJ 
Telephone: 01480 300695 Fax: 01480 461654 


Intognptot: com www.itp101.com NW Hepla;oc com 


PECR-POOL 


SERVICING YOUR COMPLETE PROTOTYPE NEEDS 


eSupports:- Р 
Colour LCD's, 

Panels & Keypads, 
Very Low Power. 











Қ З 
© Prototypes at a fraction of the cost © Industry standard quality Ё S [Source Level Debug: 
IQ. Tooling and setup included © Follow up series runs "Driver Support with 
© Any contour © CAM | CAD consulting Libraries. 
© Fr4 1.6mm, 35um Си 
i Time Multitasking OS with 
тағам free run time licence. 
EUROCARD гт: 
1 Tooling Unlimited email support, 
+ Photoplots 






+ VAT 
=£ 29.89" 


*Stering ratos may very Price = 649 





www.cms.uk.com 


see our web site for full details 
CAMBRIDGE MICROPROCESSOR SYSTEMS LTD 


5 5 Unit 17-18 Zone 'D' Chelmsford Rd. Ind. Est. 
GrophiCese GIES 429 z Great Dunmow, Essex CM6 1XG 
Telephone: 01371 875644 


email: sales@cms.uk.com 
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Swiss A 
| 
In a fix? Need to get а microcontroller project 
off the ground FAST? This article proves that an 
ultra-versatile microcontroller board can be built 
and programmed even by relative newcomers. 
The main circuit is based on the Atmel | 
89C8252 which has ап 8052 architecture. 





| 








Knife 


Included is some very special (free) 
software that enables even the most 
code shy among you to make the con- 
troller do something. There are two 
alternatives to communicating with 
the circuit: USB 2.0 or RS232. 


The original intention of the project 
was to produce a controller with built 
in BASIC that could retain the program 
after switch off, automatically start at 
switch on and not consist of too many 
chips. It should also be very easy to 
use and not require any special soft- 
ware on the PC. This has been 
achieved with more or less a single 
chip. This is possible because the 
89C8252 has 2 kB of data EEPROM 
that can be programmed with high 
level instructions. The AT89C8252 
micro was first used in the Elektor 751 
Flash Micro Board published in Decem- 
ber 2001 and now a ‘classic! with PCB 
sales in the 'К' range. 

You may well be wondering why not 
use a BASIC ог С compiler on your PC 
and blow the object code into the micro. 
These are good options, however you 
loose the immediacy of your actions. The 
Swiss Army Knife board immediately 
executes any code sent to it. Typing: 


Pzi=0 


at the console will immediately set all of 
the port 1 lines to Low. Also, a level of 
knowledge is required of the BASIC 
and C compilers before anything can 
be achieved. If you simply want to get 
on with your favourite robot project, 
then this is the way to do it. Mind you, 
you can still use the compilers or 
assembler later when you have done 
some experimenting. 


RS232 and/or USB 


Along the way the author got fed up 
with incorporating a dedicated com- 
munication system with every board 
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Tiny BASIC, 8051 assembler 
RS232 and USB all in one project 


especially when it was not usually 
needed in the final application. This 
lead to a separate power supply and 
RS232 connectivity that could be used 
with other circuits. However, as the 
RS232 format is getting a bit rusty and 
is not even included on some modern 
PCs it was considered nice to produce 
а USB interface as well and of course 
the USB can power the circuit. The 
result of the design effort is that you, 
the user, may choose between RS232 
and USB when it comes to talking to 
the micro in your Swiss Army Knife. 
The Swiss Army Knife board consists 
of three sections: microcontroller 
(MCU), RS232 interface and USB inter- 
fate. Each of these will be discussed 
separately below. 


Microcontroller 
circuit 


The MCU circuit shown in Figure 1 
contains the popular AT89C8252 
microcontroller clocked at 22.118 MHz 
and programmed with a version of 
Tiny Basic called Tiny Control Basic 
(ТСВ). The circuit shown is about as 
minimal as you can get. It is possible 
to program the code memory allowing 
a mix of high-level and assembler can 
be used. To facilitate this IC2 has been 
included although the chip could be 
omitted in the finished application or if 
in-circuit programming is not required. 
Regarding connectors, K1 takes all of 
the 1/О lines to a 40-way header and 
K2 is a 14-way header that mates with 
either of the two other boards. Pins 1 
and 2 form the serial communication. 
The handshaking pins are not involved 
inthe serial communication. 

The AT89C8252 can be programmed 
serially using just three lines: SCK 
(clock), MISO (output) and MOSI (input). 
Using these three lines and sending 
special bytes it is possible to get direct 
access to the code memory without 


removing the chip from the circuit, 
hence the term in-circuit programming. 
Pin 5 on КІ, the DTR line, initiates this. 
process and the other pins are as 
described in Table 1. The DTR signal 
enables the top half of IC2, a tri-state 
inverting buffer. All of the lines are 
inverted by IC2 so the software must 
take this into account. The ByVac ter- 
minal described further on has suitable 
‘software built in. 

Along with the in-circuit programming 
there are various other signals avail- 
able that apply to the USB interface. 
Pin 6 is the Ring Indicator. Providing 
the PC is set up correctly and the USB 
board is also configured correctly, this 
line can wake up a sleeping PC. By 
taking the line low the USB chip will 
send the correct signals to the PC to 
activate the PC from a suspended 
state. For this to work properly the 
microcontroller cannot be self pow- 
ered, as the current available on 
standby is insufficient to operate the 
microcontroller without that also being 
in power down mode. In the power 
down mode the microcontroller will not 
be able to initiate a signal. 

The USB specification has strict control 
over how much power can be taken 
from it and at what time. A normal USB 
is capable of providing a limited 
amount of current (100 mA) until it is 
properly configured. Once it is, up to 
500 mA can be delivered by the USB 
bus. Pin 7 goes low to indicate that the 
USB is properly configured. This action 
enables the lower half of IC2 and as a 
result the PWR LED illuminates indi- 
cating that PWR is active and that cur- 
rent сап be drawn from it. Power to 
external devices is taken from pin 8. 
The USB circuit (see later) will not pro- 
vide any power to this pin until it is 
configured properly. 

Pin 9 is a signal from the USB interface 
that goes low during suspend. The 
user can monitor this line. Pin 14 is 
power provided from the USB bus, con- 
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Features 


- Built-in integer BASIC (TCB) 

- BASIC can call assembler programs 

- Instant code execution, no compiling phase 

- Only needs a simple terminal emulator to program 
- Auto Baud detection 


- User BASIC program, line 10 runs on reset 


- Can program code memory іп. 
- 1/0 connectivity 

- USB 2.0 option 

- RS232 option 

- All software available free of charge 
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Figure 1.Circuit diagram of the microcontroller main board (MCU). It employs the 
8958252 Flash micro from Atmel. 


figured or not. This is only capable of 
supplying about 100mA when the bus 
is not configured. For this reason, 
external devices must use the PWR 
lines rather than Vec. 


By monitoring the above lines IC2 can 
be put into power down mode when 
the PC goes into the suspend state. RI 
Can be used to awaken the PC pro- 
vided the USB and PC interfaces are 
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set up correctly. To do this IC1 must 
also be self powered. 

The P1.0 LED is connected via two 
inverters to the P1.0 I/O line of IC1, 
this can be used for anything. It is use- 
ful to have something there for testing 
purposes. 


USB interface 


The USB interface shown in Figure 2 
uses a chip from Future Technology 
Devices Intl. Ltd. (FTDI) and the circuit 
follows their data sheet. The FT232BM 
is designed as a quasi-replacement 
RS232 interface and when installing 
the device drivers, it becomes a COM 
port on the PC. Drivers for other oper- 
ating systems are available. The chip 
and associated software drivers 
remove any hassle from building a USB 
interface. 

There are only a few aspects of this cir- 
cuit worthy of attention. The first is the 
N channel MOSFET that supplies 
power to pin 8 of K2 when the PWREN 
signal is low. It is set up this way so 
that external devices can be powered 
from the USB bus when the FT232BM 
is initiated. The initiation process is 
called enumeration. The other part of 
the circuit is IC2. This part is optional 
and is only required if you need to use 
the special features of the chip, USB 2.0 
for example, or are using two chips in 
the same system. The circuit will work 
perfectly well without it. 

Before going any further it is helpful to 
know something about the USB inter- 
face. The interface is incredibly useful 
in that not only does it provide a high- 
speed interface but power as well. 
When first plugging in the device it 
must draw no more than 100 mA until 
the device is enumerated. Once enu- 
merated the bus is capable of supply- 
ing up to 500 mA. In suspend mode 
this reduces to 500 yA. All USB devices 
have a unique, registered ID. The 
FT232BM has a built in, default ID. For 
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grow from nothing. 


commercial use the ID must be regis- 
tered. Also if you intend to use more 
than one device on the same system 
then each device must have a unique 
product ID. It is possible to set all of 
this up by fitting the EEPROM IC2. 
Once enumeration has taken place, 
which is all taken care of by the 
FT232BM chip, the PWREN line is 
taken low. This is passed on to pin 7 of 
K2 so that it can be monitored by the 
microcontroller if necessary. It also 
activates Т1 which in turn allows 
500 mA to be drawn from the USB bus 
via pin 8 of K2. 

There are two main types of socket: ‘A’ 
and “В. The ‘A’ socket is a power 
provider and is the type fitted to the 
PC. The В type is a power user and to 
our knowledge comes in about three 
different shapes. The one used on the 
PCB is the most common although 
smaller ones can be obtained with dif- 
ficulty, these are usually found on cam- 
eras and the like. 

The FT232BM requires a device driver, 
even on an XP system. All the device 
drivers, software and documentation 
required for the device can be obtained 
from the FTDI website. The driver 
needed is the Virtual COM Port (VCP). 
This will enable you to use the device 
as if it were a COM port. 

The EEPROM device, if fitted, can be 
programmed using the D2XX drivers 
and one of the many software utilities 
provided at the site. Note the drivers 
will no co-exist, you need to uninstall 
one to use the other. 





Good old RS232 


This is for those of you who do not 
fancy USB. The RS232 interface circuit 
diagram appears in Figure 3. Ав 5232 
port is not capable of enough supply- 
ing power it is necessary to incorpo- 
rate a simple 5 V supply into the 
design. Bridge rectifier В1 may strike 
you as unusual but is well worth the 
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Figure 2. USB interface schematic. 


extra cost, not only can you use an AC 
output power supply but also it does 
not matter which way round the polar- 
ity is on a DC power supply — just 
plug it in and it works. 











Power from the supply is taken to pin 8 
on K2 to indicate to the main board that 
power is available. Pin 7 is permanently 
at ground indicating to the main board 
that power is available. The circuit 
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СОМРОМЕМТ5 
LIST 


PCB, order code 030448-1 
Project software on two disks, order code 
030448-11 or Free Download. 


MCU board 


Resistors: 
8144 = КО 
85 = 10kQ 


С1,С2-22рЕ 
СЗ = 10pF 16У radial 
CA,C5 = 100nF 


Semiconductors: 
01,02,03 = LED, low current, colours to 
rsonol taste 
ІСІ = AT89S8252-24PC, Dip40 cose, 
programmed, order code 030448-41 
ІС2 = 74HC240 
АО-мау boxheader [iwo pin rows) 





K2 = 14-way socket, angled pins, two 
receptacle rows 

51 = pushbutton, 1 make contact, 
miniature 

XI = 22.1184MHz quartz crystal 














B80C1500 


Figure 3. RS232 interface schematic. 




















Figure 5. Harvard memory structure applicable to the 8958252 Flash controller in 
this project. TCB occupies 6k of the 8k available in the Program Flash area. 
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USB interface 
All paris SMD, case shope 1206 


Resistors: 
RI -10kO 
R2 = 2k02 
R3,R4 = 270 
R5 = 1k95 

Ró = 4700 
R7= По 





са : 
С1,С3,С5,С6 = 100nF 
C2- ТОПЕ 
СА -47nF 


formed by R1, R2 and D1 limits the volt- 
age on the RTS line and make it suitable 
for feeding into IC1 on the main board. 
All of the I/O lines are used on ІСІ іп 
order to facilitate the in-circuit pro- 
gramming. Only TXD and RXD are 
required if the in-circuit programming 
is not required. 

Some of the functionality of the USB 
board is not available to the RS232 
interface, so pins 6 and 9 of K2 are left 
unconnected. 


Construction & test: 
MCU and RS232... 


If you look at the PCB artwork shown 
in Figure 4, you'll notice that the MCU, 
USB and RS232 sections are supplied 
as one board, order code 030448-1 from 
our Readers Services. 

Depending on the connectivity you 
have in mind for the Swiss Army Knife 
you will have to populate the USB or 
the RS232. Sure, you can build both 
sections but do remember you can't 
use them at the same time. 

The MCU and RS232 sections are noth- 
ing special when it comes to building. 
them — simply work along the lines 
indicated by the parts list and the 
component overlay. Sockets are of 
course recommended for the ICs. The 
14-way connector can be cut from a 
larger one if required. Voltage regula- 
tor IC2 does not require a heat-sink. 
Before inserting the ICs into their sock- 
ets, connect the MCU board to a 5-V 
supply and power up. Check with a 
meter that 5 volts appears at the cor- 
rect polarity across pins 20 and 40 for 
1СІ and 10 and 20 for IC2. If all is well 
disconnect the power, insert the IC's 
and re-connect the power. If you have 
a logic probe or oscilloscope, monitor 
pin 2 оп K2 (ріп 11 on IC1). Press reset 
and after 1 or 2 seconds the sign-on 
signal should be seen. This will be a 
short burst of pulses at 9600 baud. 
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C7 = 10pF 6.3V SMD RS232 board ІСІ = МАХ232 (рїр16 case} 





S IC2 = 7805 
Semiconductors: 3 в 
ТІ = IRLML6402 ЖОО Miscellaneous: 
ІСІ = FT232BM (FTDI, veww.fidichip.com) R2 K3 = mains adapter socket, РСВ mount, 
IC2 = do not fit (93С468 508) 5 angled pins 

Capacitors: КІ = 9-way subD socket (female), angled 
Miscellaneous: С1-С5 = 10pF 16V radial pins, PCB mount 
КІ = USB connector, type ‘B’, PCB mount C6 = 1000yF 25V radial K2 = 14-way angled pinheader, two ріп 
K2 = 14-way socket, angled pins, two C7 = 100pF 16V radial rows 

receptacle rows СВ = 100nF 

Х1 = 6MHz ceramic resonator, 3 pins 

Semiconductors: 

В1-В80С1500, round case (BOV piv, 

1.5A) 


D1 = 47V zener diode, 5,00mW 


ye 
НЕН Е Pun Ч 2 H 


mm 


БИ os ©] S ES 


Figure 4. Component overlay for the combined MCU / 85232 / USB board, order code 030448-1. If you want to use USB 
either leave the USB interface section attached to the MCU or separate the two and connect them with a flatcable. 








Figure 6. Finished and tested prototype of the Swiss Army Knife. Here, the RS232 
interface is connected to the main board by means of a connector pair. 
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= CommPort Properties 
ШЕСІ 


-Mamm Speed — — Echo 


ByVac-Terminal 


ByVac-Terminal does have some builtin features to get maxi- 
mum performance and ease of use from the Swiss Army 
Knife. Version 1.0 is free from the Free Downloads section of 
our website: www.elektorelecironics.co.uk. As an example, 
to download a program from your text editor you can simply 
use ‘Send File’. If however you are using the EEPROM memo- 
ry space then there is a noticeable delay while the program 
line is written. An option on some terminal emulators is to 
send line by line and insert a delay between lines. This works 
fine but you have to cater for the worst case meaning the 
download is much slower than it should be. 


БИШІ =] || None 
| € Хохот 
ғау — [None =] 


| € RIS 





Stop Bex: [ШУ] | € хот 





Built into TCB is the ‘LOADB’ command that has а very sim- 
ple protocol and it works like this. After issuing the command 
TCB waits for a line of BASIC to be sent, when the line is 
received it is processed and an ASCII code 6 (ACK) is sent 
back to the terminal to indicate it is ready for the next line. 
This simple protocol works exceptionally well and the ByVac 
terminal has this protocol Бий! їп. 


Text Transfer Settings — — 
|М End of fine wait for character 


FE End of fine wait delay ms 


Баг 


T3 Atthe start of transfer sent [ОАВ 3 
Го бере [ТЄ | then delay for (ms) |0077 








Another advantage is that it is capable of using the in-circuit 
programming features so assembler code can be written and 
downloaded into the code space. 


We've already seen how to turn the on board LED on and off 
using а simple program that you typed in at the terminal. You 
can verify that everything is okay by typing: 








Р21=254 
Р21=255 





The above action should have turned the LED on and then off 
again. You can edit ТСВ programs by retyping the line, to 
remove a line simply type the line number. This however can 
become very tedious. A much better way is to create and 
edit the program using “Notepad” or a similar text editor 
and then downloading this to the board. 


Open your text editor and enter the program below. This is 
very similar to the program you used in the TCB introduc- 
tion. Note that at lines 20 and 40, instead of assigning a 
value directly to port 1 a logical operator ('and' 'or') is 
used. This will have the same effect but it does not affect 
опу of the other lines on the same port. Observe also the 





It goes without saying that IC1 should 
be pre-programmed with TCB (Tiny 
Control BASIC) for the above to work. 
There is not much else you can do 
without the other two boards; the 
MCU circuit is so simple that just 
about the only thing that can go wrong 
is the soldering and component loca- 
tion (is everything in its correct place 
and the right way round). 


«апе USB 


As you can see from the PCB artwork, 
the USB interface is connected to the 
MCU section by copper tracks. If you 
want to fit the USB interface at some 
distance from the MCU board, the PCB 
sections have to be separated by cut- 
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ting or sawing and а small connection 
cable installed between the respective 
connectors. 

Now for some bad news. The FT232BM 
chip only comes in a surface mount ver- 
sion and it's a small one at that. You 
need to be brave to build this but it can 
be done with a simple soldering iron, 
solder wick and some solder paste. 
We would urge you to have a go at 
this, it's not a beginner task but it's not 
impossible either. 

Unfortunately, solder paste is expen- 
sive but it does make the process 
much easier. An alternative to using 
the paste is to use far too much solder 
and get rid of the excess with the sol- 
der wick. 

Тһе solder wick does such a good job 


at tidying up that it is not that impor- 
tant if the solder goes in all the wrong 
places at first. The most important 
thing to get right is the orientation of 
the IC1. It must be perfectly in line and 
square with all of the pads and remain 
there whilst the first heat is applied. If 
it slips then you're in trouble. 

We would recommend that you spend a 
lot of time lining IC1 up and when you 
are satisfied, solder just a few pins, 
(one pin if you can) the minimum cov- 
erage of the author's fine tipped sol- 
dering iron is two to three pins. If all is 
well solder the rest of the pins, once in 
place it is almost impossible to remove. 
Remove all of the excess solder with 
solder wick and double check no short 
circuits exist between the pins. 
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“end” without a line number at the bottom of the program. 
This will tell TCB that the download has finished. In practice, 
if you forget to do this it still works okay. 





commPort Properties 


10 for j= 1 to 10 
20 pzl = р21 and 254 
30 gosub 500 

40 р21 = р21 or 1 
50 дозир 500 

60 next j © on/off. 


әйкес es 


70 end | 








stp bis. ШШШ] | б Xw/RIS || 
| | 


500 for k = 1 to 20 


1 510 next k - Tex Transfer Settings 
530 return М End of fne wat for character 
end ІП End of ine wait delay ms 


в Blihe stat of tansfer send) [[BADB 1 
forfle ype ТСБ then delay for (ms) |19077 


! Save the program with the extension TCB, e.g. “LedFlash.tcb” 
If you are using Notepad be careful to select all file types 
before saving otherwise you end up with a file called 
"LedFlash.tcb.txi". This only happens on the first save but it is 
something to be aware of. 





As indicated TCB has a very simple but effective file transfer 
protocol that the ByVac-Terminal takes advantage of. Start the 
terminal and use the initial settings as shown in Figure A. 


cycle for development then becomes: 
1. Edit program 


Note that the “End of line wait for character” is checked. At 2. Save 
the terminal type LOADB as Figure B. З 12 Wis reload icon 
TCB is now ready to accept a basic program using Ihe simple 4. RUN 
protocol Use File and “Transmit text file” or use the forth icon 2 
от the left. Select your file “LedFlash.tcb” and it will be 5. Back to 1 


loaded into TCB. 


The program will load, type RUN to see the fruits of your 
efforts. To speed things up if you alter the text transfer settings 
to that of Figure C. The terminal will now type in LOADB for 
you if you select a file with an extension “tcb”. Changes to the 
85232 settings require the connection between the PC and the 
Swiss Army Knife to be broken and then restored again. 


If you want fo stop the program running use CTRLC or simply 
press reset. The beauty of an interactive system such as this is 
that everything is immediate, you can try things out at the 
command line and it will be instantly activated. At the end of 
development you have your finished, product. 


Two dice programs, one simple and the other, well, slightly 
less simple, to test the above sequence may be found on our 


Use the fifth icon from the left to reload the same file. The 


website. 





The other components are not too bad. 
They were chosen for their large size 
(relatively speaking). The connector K2 
is a pinheader that will probably need 
cutting from a larger one. 

Before plugging in the device to the 
PC, download the FTDI device drivers 
and unzip to a suitable directory. If all is 
well when you first plug the device in 
you will be asked for the device driver. 
Таке some time after building to 
inspect the circuit for shorts, use a 
meter if necessary. Plug the device into 
the USB port on the PC or preferably 
onto a hub to prevent any possible 
damage to the PC. Although the USB 
specification calls for short circuit pro- 
tection, you never know, and a new 
hub is much cheaper than a PC. If it's 
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any consolation the prototype circuit 
was not checked well enough the first 
time it was plugged into a PC and all 
the USB devices suddenly stopped 
working, this included the mouse. It 
took a reset of the PC to restore things 
back to normal — not a pleasant expe- 
rience. 

Assuming all is well the PC will detect 
the new device and request the loca- 
tion of the device drivers. Install this 
just as you would any device driver. If 
you are not sure how to do this look on 
the FTDI website for information, 
installation instructions also come 
with the device drivers for Windows 
and other operating systems. 

All being well you should now have a 
new COM port. To find out which port 


number has been allocated depends 
on the operating system. For Windows 
XP this is in the Control Panel — Sys- 
tem — Hardware — Device Manager 
then open up the Ports tree by clicking 
on the + sign. You should see a new 
port. If not, re-install the device driver 
and make a note of any error mes- 
sages. 


Complete circuit test 


Connect the two boards together, use 
either the RS232 circuit or the USB cir- 
cuit. Launch the free ByVac terminal 
utility, see the 'ByVac-Terminal' inset. 

If using the RS232 board you need а 
straight-through (1:1) cable where 
pin 2 goes to pin 2 and pin 3 goes to 
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Table 1 Programming & USB interface 
JI Pin Мате Function 















































n RXD (5СК) Part of ICI serial, incircuit programming interface. This is the clock line. 

2 TXD Serial output from ІСІ 

3 CTS (MISO) Output from ІСІ serial programming interface. 

4 RTS (MOSI) Input to ІСТ serial programming interface 

5 DIR Low activates programming mode, also low and back to high again will reset ІСІ 
6 RI Take low іо wake PC (requires special set ир) 

Уг PWREN Low о/р from USB interface indicates that 500тА is available on the PWR line 
8 PWR 5У @ 500mA 

9 ‘SLEEP Goes low io indicate that ihe connected PC has gone to sleep 

10-12 Not used 

13 GND Ground 

14 VCC 100 mA, 5V 





pin 3 etc. In some cables the pins are 
crossed, check this with a meter. You 
also need to enable RTS in the ICP box. 
Press reset (S1), wait for a few seconds 
and you should see the sign-on mes- 
sage. If not, check that the sign on 
message is coming from IC1. If there is 
a signal and you still do not see the 
sign-on message check the settings, 
Baud rate etc., check the connectors, 
cable and wiring. 


Here's TCB 


At the heart of this project is the TCB 
(Tiny Control BASIC) software that will 
incidentally run on any 89C8252 sys- 
tem with or without external RAM. If 
there is any RAM present it will auto- 
matically detect it, obviously there is 
no RAM in this project. 

There are three ways you can get the 
TCB software onto IC1: 


1. usethe programming interface; 

2. buy a pre-programmed chip, 
order code 030448-41 from 
Readers Services; 

3. use an 89C8252 programmer. 


Although possible, option 1 is not rec- 
ommended, the programming interface 
and software being designed for short 
programs(« 100 lines), also it will mean 
that you can't properly test the circuits 
until you have done this so how do you 
know if the circuit has been built cor- 
rectly? It is possible however but will 
take about 25 minutes, see the Assem- 
bly Code inset. Options 2 or 3 are rec- 
ommended if you are building the cir- 
cuit for the first time. 

This processor and its architecture 
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have been mentioned many times in 
various articles, however the memory 
aspect must be at least partly under- 
81004 so it is briefly discussed here. 


Memory 


The memory space of the 8052 uses 
an architecture that shares parallel 
areas of memory. By logically combin- 
ing the OE and PSEN signals to 
access the RAM it means that the 
external RAM can be used as program 
memory. The 8051 architecture is old 
and we're sure that separating out the 
data and program memory seemed 
like a good idea at the time. This is 
what is known as Harvard Architec- 
ture and in theory at least it means 
that it is possible to fetch a code 
instruction at the same time as data 
in a single machine cycle. 


Figure 5 shows the memory map and 
may cause some confusion for those of 
you who are more used to the conven- 
tional memory arrangements. The 
EEPROM space is pure data memory 
and assembler programs cannot run 
inthis space, high level programs can, 
see later. There is provided 256 bytes 
of internal RAM that shares the upper 
half of this space with special function 
registers. The trick to 'getting at' the 
various spaces lays in the instruction 
set. It would take up too much room 
here to go into detail but to give an 
example when accessing the code 
memory the MOVC instruction is used 
but when accessing external memory 
MOVX is used. Other techniques of 
direct and indirect addressing are 
used to access the internal RAM 





spaces. 
The on-board Flash memory contains 
TCB, version 1 and only occupies 
about the first 6 k. If this is good 
enough for your applications then you 
can forget all about the various mem- 
ory addressing modes, TCB will take 
care of it. 


Introduction to 
programming in TCB 


The integer BASIC is a modified ver- 
sion of Tiny BASIC called Tiny Control 
Basic (TCB) that was designed specifi- 
cally to enable users to get the maxi- 
mum out of a microcontroller in the 
shortest possible time without having 
to go through a massive learning curve, 
or installing any special software. 


The 8052 architecture has three mem- 
ory spaces that are dealt with by TCB. 
Internal RAM, EEPROM and external 
RAM. These are accessed by the key- 
words IRAM, ROM & RAM respec- 
tively. Type IRAM and you should see 
this message: 


i»iram 


Internal Ram (0084 to 00ҒЕ 
OK 
i» 


The ‘i>’ prompt indicates that we are 
now in internal ram space. As you can 
see there are only a few bytes but this 
is good enough for a 2 or 3 line pro- 
gram. TCB will let you know if you run 
out of space. To access the EEPROM 
type ROM: 
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Table 2. Tiny Control BASIC main specification 


























INPUT, BAUD 


Numbers: 16 bit signed integers range from -32767 to 32767 
Variables: single letter A through L (12) 
Arithmetic: +,-,*, /, and MOD 
Logic: NOT, AND, OR, XOR 
Comparisons: >, <, =, <>, >=, 
RUN, LIST, NEW, DUMP, RND, ABS, IF, THEN, GOTO, FOR, TO, NEXT, REM, CALL, 
Commands: RETURN, GOSUB, ROM, RAM, IRAM, LOADH, LOADB, DECIMAL, HEX, LET, PRINT, 





Special function registers: 


PZO, PZ1, PZ2, Р23, TCON, TMOD, TLO, TL1, THO, TH1, SCON, SBU, ЇЕ, IP, T2CON, 
WMCON, SPCR, SPSR, SPDR, PCON 











Interrupt: 





ONEXO, ONEX1, ONTO, ОМТІ, ONT2, ONSP, El, DI 





i>rom 


Rom 0000 to 07FF 
OK 
е> 


We are now іп ROM space and ав you 
can see there is 2 k of memory from 
0000 to 07FE. At any time you can type 
‘DUMP’ to see the contents of the 
memory. The advantage of using this 
space is that it will retain the program 
even after power down. The disadvan- 
tage is that it is slower than RAM to 
write to and there is a limit to how 
many times you can write to it, approx- 
imately 100,000 times. In this project 
there is no external RAM so typing 
RAM will return an error. All TCB pro- 
grams will be written to the EEPROM. 
TCB is capable of running a program at 
start up but it must begin with line 10. 
If line 10 does not exist any the pro- 
gram will effectively be erased. The 
start up procedure is as follows: 
1. Check for input from user (space 
bar) - waits about 1 to 2 seconds 
2. If no input, check ROM space for a 
program starting at line 10 
3. Run it if it exists, if not check RAM 
space for a program starting at 
line 10 and run that. 
If no line 10 exists and there is RAM it 
will erase (NEW command) the pro- 
gram in RAM and the sign on will be in 
RAM space. If there is no RAM then it 
will come up in internal RAM space 
(IRAM). Memory will not be erased if 
you press the space bar within one to 
two seconds of switch on. In this proj- 
есі of course there is no external RAM 
зо the default will be to come up in 
internal RAM space “i>” unless there 
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is a line 10 in ROM space in which 
case it will run the program there. 

Н the space bar is pressed within 
approximately two seconds of reset or 
switch on, TCB will detect the Baud rate 
and come up in internal RAM space. 
TBC does not actually erase all of the 
RAM but simply puts the end of pro- 
gram marker (FF) into the first byte. 
You can verify this using the DUMP 
command after the NEW command. 
Referring to the MCU circuit, LED D3 is 
connected to port line P1.0 via two 
buffers in IC2. By default it will be ой. 
This is because at start up all of the 
port lines are taken high. 

To turn on the LED simply type: 
Р21-254 


i»pz1-254 
ок 
і> 


Р21 is the port 1 variable, anything you 
set this to will occur on port 1. By set- 
ting port 1 to 254 which is 1111 1110 in 
binary it will set pin 0 of port 1 to 0. By 
convention this pin is referred to as p1.0 


10 FOR J = 1 TO 10 
20 Р21=254 

30 GOSUB 200 

40 Р21-255 

50 60508 200 

60 NEXT J 

70 END 


200 FOR K = i TO 50 
210 NEXT K 
220 RETURN 


The above should flash the LED on and 
off 20 times. 

Table 2 gives a brief description of the 
language. 


Odds & ends 


The massive amount of documentation 
Jim produced for this project would 
easily fill half this magazine, hence 
some items had to be moved to our 
website from where they can be down- 
loaded free of charge. The items 
include the illustrated Quick Start 
Guide — Swiss Army Knife, the Tiny 
Control BASIC Manual and Simple 
Dice, so get downloading... 





Web pointer 
FT232BM USB drivers: www.ftdichip.com 


Free Downloads 


ByvacTerminal for PCs (install file with 
supporting OCX files), TCB (hex file), 
File number: 030448-11.zip 

Two simple dice programs (Word file). File 
number: 030448-12.zip 

Quick Start Guide for Swiss Army Knife 
(Word file). 

File number 030448-13.zip 

Tiny Control BASIC manual [pdf file]. 

File number: 030448-14.zip 


PCB layout in PDF format. 
File number: 030448-1.zip 


wwew.elektor-electroni uk/dl/dl.htm, 


select month of publication. 
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Assembly code 


At some point in time more control or faster speed may be 
required than a high level language can give. There is no 
alternative but to resort to use assembler, which is the 
direct equivalent to programming the processor itself. 


To do this effectively you will need an assembler. This is a 
Borm that translates 2 to 4 letter mnemonics into num- 
rs that the processor can understand. There are many 

available free for this processor. In the examples shown 
“А8М51” has been used. It can be downloaded from vari- 
ous sources. 


RAM would be required to run assembly code using the 
LOADH feature but none is available in this project. 
However, we have free code space in EEPROM starting at 
1700h which is accessible through the in-circuit program- 
ming feature. 


Getting Started 


Always the hardest pari? You can't really program in 
assembler without knowing something about the processor 
and for this you will need at least a data sheet for the 
processor and some knowledge of the 8051 / 8052 
instruction set but the following example will get you on 
your way. 


Example program 


We will keep on familiar ground by flashing the on board 
LED again. As you know, to do this we need to set P1.0 to 
zero and back to 1 again. 


; Example of flashing an LED 

; Use Asm51 

; Pl.0 has the LED connected to it 
i 


5М008252 


свед 
ога 1700h 

flash: ; pulse P1.0 up and down 
setb р1.0 
call delay 


сіг р1.0 
са11 delay 
jmp flash 


delay: ; delay 
mov r0,£$0f0h 
del2: mov г1,%0 
dell: nop 
djnz | ri,deli 
djnz r0,del2 
ret 


end 


The operation of the program is conveniently explained by 
means of a table. 
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Гвморв252 | First of all this contains all of the special names associated 
| with that processor so this needs to be in place for our 








| | 8958252. 

Cseg | Tells the assembler that the following is code, there is a cor- 
| responding “dseg” for dato. 

Ога | This is the program origin address. TCB finishes at about 


| | 1650h so we don’t want to be any lower than this other- 
| wise we will damage TCB. 


setb р1.0 | Sets the bit O of port 1 to high, just as р11=1 would do. 








Call | Is the equivalent of gosub 





delay: | This is a subroutine, notice the ‘:', 08051 requires this. 
Because of the raw speed of the processor 2 delays are 
required. In fact this carries out over 61,000 instructions 
| before returning which gives a delay of about 0.25 second. 


RO, #0£0h 0 ізо general purpose register of which there are 8, RO- 
R7. There ore in fad 4 banks of them but only one bank 
con be used al o time. What this instruction does is to place 
the value of FO (hex) into register RO. The '2 is known as 

| on ‘immediate’ modifier. If you did КО,010 then the con- 
| tents of memory address FO would go into RO. (yes there is | 
plenty of scope for error). 





1 





|Djnz | This is Decrement and Jump if nol Zero so on the inner 

loop RI will be decremented ond if itis not zero then the 
program will jump to the label “dell:”. Something to note 
here is that the register is decremented before zero is test- | 
ed so a register starting out with a value of zero willbe — | 
decremented 10 FF before being tested. | 











Assembling 

Use Notepad or any text editor to create the above pro- 
gram, save it with an ‘asm’ extension, for example 
Flashled.asm. Now that the program is written it needs 
converting to a format that the processor can understand. 
To do this you will need to use the command prompt if you 
are using the Windows operating system. If you are using 
DOS then you are already there. 


Choose a directory to put the files in, you should have 
Flashled.asm, Asm5] and MOD8252 in the same directo- 
ty (unless you know how to set paths up). At the prompt 
type "asm51 Flashled”. On pressing enter you should see 
something similar to that of Figure A. Note that Азт51ог 
indeed any other 8051 assembler has to be obtained sep- 
arately, it is not included with the software for this project. 


This process produces two files using the same file name 
but with different extensions thus: Flasled.hex and 
FlasLed.lst. The LST file is where you will find any errors if 
there are any and the HEX file is a special format devel- 
oped by Intel to enable code to be loaded into processors. 
As a matter of interest the format consists of lines of text 
preceded by a colon. 


:10170000029012170СС29012170С80Ғ478Ғ0790066 


The first two numbers 10" is the length of the code in hex, 
the next 4 numbers is the memory address, in our case 
1700 this is followed by a record type which is almost 
always 00. The rest of the line consisted of the actual code 
to be loaded at the given memory address except for the 
last wo numbers, ‘66’ which is a checksum to verify that 
ihe line has been received correctly. 
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The next job is to load this program into code space. This is This will start flashing the LED whenever there is power 
where the special features come in. Click on the “101” applied io ihe board. Okay so a flashing LED has its limi- 
icon and the background will turn black. We are now in tations but we're sure you get the idea. 

flash programming mode. Press “р” and the text will turn 

yellow, this indicates that we will be using Program or 

Code space (ће flash memory area). Typing "v^ ^88 

<enter>" and then “99<епіег>" will 
enable you fo view the contents of the 
code memory from memory address 0088 
to 0099. This is where the sign-on mes- 
sage of TCB is located. All numbers are in 
hexadecimal format, see Figure B. НЭР 26. 1900, 1989, 1990 





To program this area with our assemble 
Оо type “h” This will pop a dialog 

ox that will allow you to select the 
FlashLed.hex file. This will be loaded into 
the memory and you should get some- 
thing like Figure C. Programming will 
now commence automatically (and it does 
take some time to complete). 











tunning the 





First of all get back into terminal mode by 
pressing ‘x’ ог the 101” icon. To run this Нян 
program TCB has provided CALL. The S Send Техі =C:\Temp\testiich | 
syntax is CALL п уеп EP address | 

ou want to jump to. The address we 
7 озо to put the program dt was 1700h, [ЖУ e s [se i [ini] = | 
ТСВ works by default in decimal, to A 
change this type HEX. Another word of 
caution, everything is in hex from now on 
until you reset or type DECIMAL. This 
applies to normal basic program, hex line 
numbers look very strange. 









Type the following to run һе program: 





HEX 
CALL 1700 


If you don't want to use HEX then CALL 
5888 works just as well, 5888 is the dec- 
imal equivalent of 1700h. 


The LED should now flash indicating that 
you are running the assembler program. 
Note because this is such a simple pro- 
gram, the only way to stop it is to press a 

reset. Do this at the terminal using һе PESSA S үе) 
їсоп иг ю ШО S use ihe PEU қ “сүүг 7 

ton on the main board. Once in Йаз 

memory; thejprogram Vlliremain dier | | || zz [13] s 
power is removed. Because of the slow ^ 
serial programming nature it is по! really 
suitable for large files. Although this can 
be done, expect TCB to take about 25 
minutes for the basic.hex file. Some things 
simply can't be done using TCB alone, 
this feature makes the project completely 
versatile. 


Settings: 900,81 





You can quite happily use a mixture of 
TOB and esemble A Vou conifer example 
assemble the code at address 1700 and 
use a simple 2 line basic program: 


10 HEX 
20 CALL 1700 
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Paul Goossens 


Projects for electronic dice have 
previously appeared in Elektor 
Electronics. Different designs and 
shapes have found their way into the 
magazine, but one thing they had in 
common: they were all two-dimensional 


dice. But now that is about to change! 





Electronic dice are usually constructed 
on flat boards. To give the impression 
of a ‘real’ dice, seven LEDs are often 
used in a pattern similar to that ona 
dice. The original intention was to 
base this circuit on a traditional ‘flat’ 
design, until somebody from the edito- 
rial staff suggested that you should 
really be able to throw a dice. After all, 
a dice is not an item that lies still on 
the table. 


‘But that is the advantage of an elec- 
tronic dice!" you'll say. You don't need 
extra space to throw it and it won't roll 
off the table either. And this was 
exactly how our design staff reacted to 
this unusual suggestion. But the editor 
was adamant: this dice has to roll! 


Fortunately the team at Elektor Elec- 
tronics handles such situations 
smoothly and it wasn't long before the 
lab were prepared to have another 
look at it. 


It didn't take long before the first ideas 
were put on paper. One obvious design 
for an electronic rolling dice is to mount 
LEDs onto a cube, showing the proper 
value on every side. The LEDs are 
driven via current limiting resistors 
from a 9V battery and Bob's your uncle! 
It quickly became apparent that with 
a homemade dice it was extremely dif- 
ficult to get the centre of gravity 
exactly in the centre. Such a dice 
would therefore have a bias. The 
chance that the lightest side ends on 
top is greater than for any of the other 
sides. The value on that side will there- 
fore occur more often than the value on 
the ‘heavier’ side. 


How else? 


After some more thought we came to 
the conclusion that a dice with seven 
LEDs on every side was the best 
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option. After throwing the dice, the 
six sides would each take on a differ- 
ent random value. In this way you 
can guarantee that the dice is com- 
pletely ‘honest’. 

This solution does require a bit more 
electronics. First of all, you have to 
detect when the dice is in the process 
of being thrown. For this we used a 
mercury tilt-switch. This also makes 
it possible to ‘roll’ the dice just by 
shaking it. 

The electronics then has to generate 
the random numbers that appear on 
the six sides of the dice. The use of a 
microcontroller comes to mind straight 
away. This keeps the circuit relatively 
small, which comes in handy for a dice. 
Another part of the design that 
required some thought is the method 
used to connect the boards together. It 
doesn't look very nice if dozens of con- 
nections go from a main PCB to the 
other five boards. To keep the number 
of connections down we've chosen 
serial connections between the boards. 
On every board a shift register takes 
care of driving the LEDs. This way only 
four connections are required: two 
lines for the supply, one for data and 
the fourth for a clock signal. 

Another area that needs to be consid- 
ered is the current consumption and 
on/off switch. In this design a standard 
switch can't be used of course, 
because nothing may protrude from 
the dice. It would otherwise roll very 
strangely and at worst switch itself off. 
We got round this problem with the 
addition of a (recessed) push-button to 
turn the circuit on. It is turned off com- 
pletely automatically. 


Main РСВ 


After these considerations we arrived 
at the circuits for the dice. At the hart of 
the circuit is IC1, a microcontroller by 
Atmel (Figure 1). We have used this 


Three-dimensional 
electronics 


type previously and have given a 
detailed description in past issues of 
Elektor Electronics. It therefore suffices 
just to mention that the software for 
this project can be freely downloaded 
from the Elektor Electronics website. 
As this controller has an internal flash 
memory for the program there is no 
need to add external memory, Crystal 
X1 in conjunction with C2 and C1 pro- 
vide a clock signal. IC1 drives the 7 
LEDs directly via its 1/О pins. As we 
have used low-current LEDs there is 
no need for an extra buffer. 


The supply section may appear a little 
unusual at first. This is because we 
want to turn the circuit on with a push- 
button and let the microcontroller itself 
turn the supply off. The part of the cir- 
cuit round T1 and T2 provides this 
functionality. K2 is the connector for 
the 9 V battery. When push-button $1 
on board 2 is pressed, a small current 
will flow from + 9 V via the base/emit- 
ter junction of T1 and R8 to ground. 
This causes T1 to conduct, feeding a 
current to voltage regulator IC2. This 
then supplies the rest of the circuit 
with 5 V. 


When the push-button is released, the 
current can no longer flow through R8. 
It is of course undesirable that the cir- 
cuit would then lose its power. Just try 
to keep the push-button held down 
during a throw; it's not exactly user- 
friendly for a dice. 


То get round this problem we've added 
resistor R9 and transistor T2. T2 is 
driven via the microcontroller. When 
the circuit is switched on, T2 is also 
turned on, causing a current to flow 
from the base of T1 to ground via R9 
and T2. The supply is then no longer 
dependent on S1 being pressed. 

When the processor notices that it has- 
n't moved for a while (several min- 
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Figure 1. The main board is more complex. 


utes), it stops driving T2. The dice then 
turns itself off automatically. When 
switch S1 is pressed again, the whole 
sequence repeats itself. 

When the supply is applied a reliable 
reset signal is generated for the micro- 
controller by C5 and R10. 

The CLK and DATA signals are fed to 
the next board via connector K3. K3 
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also has connections for the supply 
and the on-switch (pin 5). The switch 
had to placed on board 2 due to a lack 
of room on the main board. 


Other boards 


The circuits for the other boards (2 to 
6) are almost identical. The main differ- 





ence is that circuit 2 has a switch, 
which isn't present on the other 
boards. 


Figure 2 shows the circuit diagrams 
for board 2 and the other four boards. 
There is obviously no need for a feed- 
through connector (K2) on the last 
board. 


At the centre of the circuit is the shift 
register, a 74HCT4094. This type of IC 
has a parallel output register. Every 
rising edge at the clock input causes 
the 8 bit data in the IC to shift by one 
bit. The first bit then takes the value of 
the data input. The last bit shifted out 
is connected via pin 9 to the data input 
of the shift register on the following 
board. This effectively turns all boards 
into one large shift register. 


Construction 


The construction of the boards differs 
in a few ways from the usual method. 
Tn several places we have used stan- 
dard components, which have to be 
surface mounted. The reason for this is 
that we'd rather not have any leads 
sticking out through the boards. This 
would result in a number of sharp 
points on the outside of the dice, 
which would damage your furniture 
when the dice is thrown, and this obvi- 
ously isn't our intention. To make 
things clear, we've included a series of 
photos of the construction of the proto- 
type in Figure 3, as a picture is often 
worth a thousand words. 

The component layouts for all boards 
are shown in Figure 4. First of all, the 
SMD components are soldered to the 
boards. Then it is the turn of the IC 
sockets, which also need to be surface 
mounted. You need to bend the pins 
outwards and cut them to length (take 
a measurement from the board first!). 
Next it's the tum of the 42 (!) LEDs. The 
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leads of the LEDs need to bent in the 
right form, as shown in Figure 5. Take 
great care that the anode and cathode 
are positioned correctly on the board. 
The case of the LED is then stuck 
through the hole. The ends of the leads 
should now be flat on the board, where 
they can be soldered. At this stage it is 
not important if the LEDs are not all ас 
the same height. After soldering all 
LEDs they are pushed outwards such 
that they stick out just a little above the 
surface of the dice. If we now press the 
board onto the table, the LEDs should 
all be at the right height. 


Apart from the ICs in DIL packages, 
there are a few other components that 
have 'normal' leads. As we don't want 
the outside of the dice blighted by pro- 
truding leads and solder, these also 
have to be surface mounted. This 
includes the crystal and the mercury 
tilt-switch. The leads of these compo- 
nents have to be cut fairly short, and 
the ends turned through 90 degrees. 
These ends are then soldered onto the 
board. Take care that you don't shorten 
the leads too much! 


Connecting the 
boards 


Once all boards have been populated 
it's time to connect them together. Fig- 
ure 4 shows how this is done. You 
should use individual pieces of wire for 
this, with a length of about 5 cm. If the 
wires are too short it makes it more dif- 
ficult to fix the boards together at a 
later stage. There would also be a 
greater chance that one or more of the 
wires became loose! 


Lastly the ICs are plugged into their 
Sockets. (Make sure that you plug 
them in the right way round!) 

Now that the electrical construction is 
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Figure 2. Above is the circuit for board 2, beneath it the circuit for the other four. 


finished, the circuit should be tested. 
It is wise to do this before the dice has 
been fully assembled. At this stage the 
electronics are still easily accessible, 
should you need to make any repairs. 

After you have carefully checked for 
short circuits you can connect the 9 V 
battery. When you press the switch (on 
board 2), the circuit will come alive and 


arandom number of LEDs lights up on 
the boards. 


If you then shake board 1, the dice will 
simulate a roll. The numbers on all 
sides will change regularly. After a few 
seconds the changes slow down and 
the result of the roll is shown on the 
boards. 
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The electronics may now Бе com- 
pleted, but it doesn't look anything like 
а dice yet. The boards now have to be 
fixed together into a cube. Board num- 
ber 4 is placed flat on the table and 
boards 2, 3, 5 and 6 are fixed at right 
angles to it (see Figure 6). 


Use a plastic angle section (available 
from most DIY stores) to fix the boards 
together. You should cut the angle sec- 
tion into small lengths and use these 
to glue the boards together. 


You shouldn't glue the last board 
(board 1), since this has to be removed 
every time the battery needs replac- 
ing. You need to glue a piece of angle 
section on the other boards, such that 
they line up with the 3 mm holes in 
board 1. Now carefully drill a 2.5 mm 
hole through each angle section at the 
point where it meets the mounting 
hole of board 1, then make a 3 mm 
thread in it. If you want a stronger 
thread you can glue a flat piece of plas- 
tic onto each angle section, which 
should be drilled and threaded as well. 
The inside of the dice should be filled 
with cotton wool or foam rubber, pre- 
venting the 9 V battery from moving or 
causing a short circuit. You can now 
screw board 1 into place. 


And finally 


You could give the dice a nice lick of 
paint, as we did with our prototype, 
but we leave that to your own prefer- 
ence. In any case, we hope that you 
enjoy constructing it and have fun 
using the dice in many games! 
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COMPONENTS 
LIST 


РСВ #2 


Resistors: 

R1-R7 = 105 SMD 
R8,R9 = 10k SMD 
RIO = 1kQ SMD 
R11 = 10000 SMD 


Capacitors: 
C1,C2 = 22рҒ 

С3,СА = 100nF SMD 
C5 = 10pF 16V radial 


Semiconductors: 

01-07 = LED, 3mm, red, low-current 

ІСІ = AT89C2051-12PI, programmed, 
order code 040248-41 

ІС2 = 78105 

ТІ = BCP28 (Conrad Electronics # 
153225-88) 

Т2 = ВС5478 


Miscellaneous: 
ХІ = 4MHz quartz crystal 

51 = mercury switch (Farnell 8 178-338) 
ӘУ battery with clip-on lead 
20-way IC socket 





ABS (hard plastic) angle section 
2 M3 screws (countersunk head) 


PCB # 2 through # 6 
[рег board) 


Resistors: 
Ё1-87 = 1kQ5 SMD 


Capacitors: 
СІ = 100nF SMD 


Semiconductors: 
01-07 = LED, 3mm, red, low-current 
ІСІ = 74HCT4094 
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, Order of 
construction 


- Solder the SMD resistors and 
capacitors 


= Bend and cut the pins of the IC 
sockets 


- Solder the IC sockets 
- Bend and solder the LEDs 


- Prepare the connections 
between the boards 


- Testing 


- Connect the boards together 
- Add cotton wool and the batte 
- Fix the last board into place 


- Final test 















Miscellaneous: 

16-мау IC socket 

51 = switch type DTS61K (only on board 
82) 


РСВ, order code 040248-1 (contains six 
sections for a complete dice} 


Disk, source and hex code files, order 
code 040248-11 or Free Download 
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kitchen-table 1 
















Ralf Nolde 





autumn 


— ——M 


” approaches 
7 © cyclists become 
more aware of 


F safety and in 
particular their visibility 





to other road users. | 
Dynamo lighting offers the | 
cheapest running costs but has \ 
the disadvantage that when the 
wheels stop rolling the lights go 

out. This neat circuit stores energy I 
while you are moving to keep the d 
light shining even when you stop. 
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see text 
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Figure 1. The circuit looks similar to a stabilised mains power supply. 


Tt is not too difficult to construct a sim- 
ple and reliable rear light unit for a 
cycle dynamo using high visibility 
LEDs. They have a much longer lifes- 
pan than filament lamps and this 
design uses a high value capacitor to 
store enough energy to keep the lamp 
burning for a few minutes after the 
cycle has come to a standstill. 


The circuit 


The circuit diagram for the rear light is 
shown in Figure 1. A typical cycle 
dynamo will only have a single output 
terminal; the return path is made 
through the dynamo body and cycle 
frame. A connection to the frame will 
form the earth input while the dynamo 
output is wired to the D input on the 
circuit. Rectifier B1 produces a full- 
wave rectified DC voltage and capaci- 
tor C1 provides some smoothing. 


The Goldcap capacitor C3 is charged 
from the rectified dynamo output 
through resistor R1 and transistor Т1. 
The zener diode D4 fixes the base of T1 
at 6.2 V and its base-emitter drop of 
0.7 V ensures that the voltage output 


at the emitter does not exceed the 
5.5 V maximum voltage rating of C3. 
Capacitor C2 smoothes the voltage ref- 
erence and resistor R1 limits the charg- 
ing current through the transistor. 


The constant voltage produced by Т1 
is used to charge C3 and also provide 
energy to light LED D3 when the bike 
is moving. D3 is an 8 mm diameter 
ultra bright red LED with a clear lens 
and a supply current of 26 mA. The Е! 
suffix indicates that this model has a 
high luminous intensity in this range of 
LEDs manufactured by Kingbright 
(available from Maplin). The LED is 
driven by a constant current source 
formed by T2 and this ensures that its 
brightness is largely independent of 
the voltage stored on C3. Diodes D5 
and D6 fix the base of T2 at approxi- 
mately 1.4 V which in turn defines the 
voltage drop across R4 at 0.7 V 
because it is equal to 1.4 V minus the 
base-emitter conduction voltage of T2 
(Vag = 0.7 V). With the voltage across 
R4 fixed a quick application of Ohms 
law indicates that the current through 
R4 (and therefore D3) is constant at 
around 26 mA. 


With the bike at standstill LED D3 is 
powered from energy stored in C3. 
Using the components specified D3 
remains lit for at least two minutes 
before any decrease in brightness is 
noticeable. This afterglow period is 
defined by resistor R4, increasing its 
value to 33 Q or 39 Q will prolong the 
afterglow at the expense of reduced 
LED brightness. The light intensity of 
D3 is much higher than a conven- 
tional filament lamp but has a 
smaller beam angle. The two 'driv- 
ing' LEDs D1 and D2 are powered 
directly from the dynamo output and 
are positioned either side of D3 to 
increase the effective beam angle of 
the rear light assembly when the 
cycle is moving. 


Current consumption of the circuit is 
approximately 45 mA and with a 
dynamo output voltage of 6 V this 
gives a total power consumption of 
around 0.3 W. This figure is about one 
half of the power consumed by a con- 
ventional filament type rear lamp and 
reduces loading on the dynamo. The 
effect of this is that the voltage to the 
front lamp will be slightly increased 
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COMPONENTS LIST 


Resistors: 
81-120 





ВА = 270 
85 = 3900 
Ró = 1500 1W 


Capacitors: 

СІ = 100нЕ 35V radial 

C2 = 22uF 16V radial 

C3 = Goldcap 1Е /5.5У (Conrad 
Electronics # 473120) 


Semiconductors: 
ВТ = B80C1500, round case (80V іу, 


and it will burn brighter for a given 
speed. This will reduce the front lamp 
lifespan if you habitually descend 
long hills at high speed. Resistor R6 is 
fitted as a ‘dummy load’ to avoid this 
potential problem but if you never 
break into a sweat while pedalling 
and your cycle is the type fitted with 
wicker baskets, you are unlikely to 
need this precaution and R6 may be 
omitted. 


Construction 


The circuit can be built on the single- 
sided circuit board. The PCB layout 
accepts conventional wire-ended com- 
ponents with some of them fitted to 
the underside (alternatively you can 
keep them all on the same side by fit- 
ting R5 over the top of D5/D6 and R6 
under rectifier B1). 


The PCB is quite small but this should 
not pose any problems when mounting 
the components. It is important to dou- 
ble check that all polarised compo- 
nents (diodes, transistors and elec- 
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1.5A) 

D1,D2 = LED, red, 3mm, Kingbright L- 
93458С: (Reichelt, LED 3-3500RT) 

D3 = LED superred, 8 mm, Kingbright L- 
793SRCF (Maplin # М46АТ) 

D4,D5 = 1М4148 

Dó = zener diode 6.2V, 500mW 

TI,T2 = 8С5478 


Miscellaneous: 

Bike rear light case, Busch & Miller type 
339, www.bumm.de/docy, 
tuecklichtl -htm (UK distributor: Amba 
Marketing) 

PCB, available from the PCBShop 








Figure 2. The small PCB is designed to fit into a standard rear light assembly. 


trolytic capacitors) are fitted the cor- 
тесі way round before power is applied 
to the circuit. 

A 9 V battery or mains unit can be 
used to test the unit. The power source 
is connected in place of the dynamo, 
polarity is not important because the 
bridge rectifier ensures that power will 
always be correctly supplied to the cir- 
cuit. At power-up all the LEDs should 
light and after a short charging time 
the voltage across the Goldcap can be 
measured (approximately 5.5 V) while 
the voltage drop across R4 should be 
lessthan 0.75 V. 


Once the circuit has been tested, mask 
off the LEDs with tape and give the 
whole unit a few coats of spray lacquer 
to protect it from the effects of the 
weather. Once the lacquer is dry the 
unit can be mounted in the taillight 
housing. The PCB is dimensioned to fit 
in a housing type 339 made by the 
company Busche & Müller and distrib- 
uted on the UK by Amba Marketing. It 
can also be adapted to fit into any sim- 
ilar rear light housing. 


For the housing specified, the PCB is 
fitted behind the reflector part and 
fixed with a small (rust proof) self-tap- 
ping screw. Cycles are subject to sur- 
prisingly high levels of shock and 
vibration so it is a wise precaution to 
support all the major components like 
capacitors transistors and LEDs with 
an application of hot-melt glue after 
the circuit has been fitted and wired 
to the dynamo, Lastly fit the rear light 
lens and ensure that the LED is cor- 
rectly aligned with the reflector lens 
opening. 
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FRUSTRATED! 


Looking for ICs TRANSISTORs? 
A phone сай to us could get a result. We 
offer an extensive range and with a world- 
wide databa t our fingertips, we are 
able to source even more. We specialise in 
devices with the following prefix (to name 
but a few). 





2N 25А 28В 2SC 2SD 2P 251 2SK ЗМ 3SK 4N 6N 17 40 AD. 
ADC AN AM AY BA BC BD BDT BDV BDW BDX BF 
BFR BFS BFT ВЕХ BFY BLY BLX BS BR BRX BRY BS 
BSS BSV BSW BSX ВТ BTA ВТВ BRW BU BUK BUT BUV. 
BUW BUX BUY BUZ CA CD CX CXA DAC DG DM DS 
DTA DTC GL GM HA HCF HD HEF ICL ICM IRF J KA 
KIAL LA LB LC LD LF LM M M5M MÀ MAB MAX MB 
MC MDAJ MJE МЕ MM MN MPS MPSA MPSH MPSU 
MRF NJM NE OM OP PA PAL PIC PN RC 5 SAA SAB 
SAD SAJ SAS SDA SG SI SL SN SO STA STK STR STRD 
STRM STRS SVI T TA TAA TAG TBA TC TCA TDA ТОВ 
TEA TIC TIP TIPL TEA TL TLC TMP TMS TPU U UA 
UAA UC UDN ULN UM UPA UPC UPD VN X XR Z ZN 
ZTS + many others 


We can also offer equivalents (at customers’ risk) 
We also stock a full range of other electronic components 
Mail, phone, Fax Credit Card orders and callers welcome 





40-42 Cricklewood Broadway London NW2 3ET 
Tel: 020 8452 0161 Fax: 020 8208 1441 








Cricklewood Electronics Ltd | 


Simply Embed the 
Internet with | 


PICOSER\/ | 


Creating a web browser or mobile phone 
based interface is simple using the 
modular PicoServ system. 
The PicoServ web module takes care of 
e. Network interfacing 
e Internet protocols 
Web page storage 
Рісобегу (0 modules provi 


ide simple 

analogue and digital interfaces to the real| 

worid and the SMS gateway module | 
| 





allows remote access using a mobile 
phone, 

Basic HTML programming is all that is 
required for you to be rapidly in control 
of your system 
from anywhere! 





ompulogic.info 












Low созт © " 
tow power e — infoGcompuloge. 
SMALL SIZE 9 +44 (0) 1234 756048 





s| Flash Microcontroller 


e 


Starter Kit 
Ёл pin 


Contents of Starter Kit: 







£ 69.00 / US$ 112.50 
(plus postage) 


Step into the fascinating 
world of microcontrollers 


9/2004 - 


8958252 Flash Microcontroller board (ready-assembled and tested 1 [SY AST 
PCB), 300-mA mains adapter, serial cable for COM port an a software 
bundle on CD-ROM. Article compilation on CD-ROM: 
* 8958252 Flash Microcontroller Board (December 2001) 
* Microcontroller Basics Course parts 1-6 (January through June 2002) e е | 
* Microcontroller Basics FAQ (September 2002) Ц 
* Port Line and ADC Extension for 8958252 Flash Micro Board 
(December 2002) 


See also 
www.elektor-electronics.co.uk 
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» Chess Computer using the Flash Micro Board. 
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Take out an 18-month 
subscription to elektor 
electronics and receive 
a free 128-MB USB 
Memory Stick. 


Please fill out the Order 
Form with this issue. 


Subscription rates and 
conditions may be found 
at the back of this issue. 


THE ORIGINAL SURPLUS WONDERLAND! 
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Visit our website 
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8524С 852-5Х В52ЕЧС В52Р/24 В52Р/40 


Parallax BASIC Stamps - still the easy way to get your project up and running! 





Serial Alphanumeric and Graphic Displays, 
Mini-Terminals and Bezel kits 


——— 








Robotic models for both the beginner and the advanced hobbyist 





Animatronics тестен Specialist —M— Modules 





Sensorylnc Parallax Tech-Tools BASICMicro 
Voice Recognition Ubicom Tool Kits РІС & Rom Emulators РІС BASIC Compilers 


Development Tools 





Milford Instruments Limited Tel 01977 683665, Fax 01977 681465, sales@milinst.com 





Bluetooth Remo 






Bluetooth is a huge 22121 
success but зо far hobbyists and lab 
workers have been barred from 
access fo ready-made modules for 

this wonderful new medium. The 
reason is simple: manufacturers like to 
treat their products as black boxes and 
are only interested in their 100-k/day |" 
production lines in the Far East or China. We oppose this attitude 
by publishing this article, written using the motto: Bluetooth 
modules for everyone! A tracking robot does the trick. 
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е Control 


Flick through any electronics magazine 
- professional or hobbyist - and you 
will see a wide range of single-board 
computers and microcontroller boards. 
For many applications, they make prod- 
uct development so much simpler than 
it used to be, say, 5 or 10 years ago. 
Attach a few auxiliary components and 
a control panel, write the computer pro- 
gram, and you're finished. 

What makes the process easier is that 
the computer board is programmable, 
50 one off-the-shelf component can be 
applied to many tasks. Could this con- 
cept be taken even further? A few aux- 
iliary components will always be 
needed in any product, but what about 
the control panel (user interface)? 
Couldn't an off-the-shelf programmable 
component be made to replace custom 
control panels on electronic devices 
like PDAs, GSM, but also custom-made 
microcontroller systems? 

The ‘FlexiPanel BASIC Stamp Edition’ 
module from FlexiPanel Ltd. could pro- 
vide the answer. In this article we'll 
concentrate on the Bluetooth version of 
Flexipanel, see the Device Pinout 
inset. Using Bluetooth radio (at 
2.4 GHz), it asks a remote device 
within range — say, a mobile phone, a 
notebook PC, PDA or another handheld 
computer — to create the required con- 
trol panel (or, if you like, ‘GUI’) on its 
display. The module has а Class-1 
radio, so the remote device can be up 
to 100 m away. The module operates at 
TTL levels, and we are informed that a 
standalone RS232 device will soon also 
be in production. 

A user within radio range of the Flexi- 
panel-Bluetooth module may connect 
tothe appliance at any time using any 
Bluetooth-enabled device. The device 
will display the required control panel, 
but the panel's appearance may vary 
according to the remote device used. 
Some examples will be shown later. 
The software on the remote devices is 
the same for each application and does 
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not require customization or re-instal- 
lation. It is freely downloadable from 
www.flexipanel.com. At the time of 
writing, Pocket PCs, Windows PCs, 
and Smartphones (e.g. SPV E200 from 
Orange) software are supported. Soft- 
ware for Palm Operating System and 
Java phones supporting the JABWT 
standard (e.g. Nokia 6600 and Sony 
Ericsson P900) has also been released. 


Projects with 
Bluetooth control 


Let's not get carried away by new-fan- 
gled technology like Bluetooth-enabled 
GSM phones and PDAs. Using an 
example we will demonstrate that 
applications can be developed for the 
FlexiPanel-Bluetooth combination that 
are simple enough to be tackled by rel- 
ative beginners. The example, a simple 
tracking robot, employs a specially 
adapted version of the Elektor Elec- 
tronics Board of Education originally 
featured in the September 1999 issue 
and the world-famous Parallax BS2p 
BASIC Stamp. Parallax Inc., who sup- 
ply the Basic Stamp, also distribute the 
FlexiPanel module through their autho- 
rised dealers (in the UK: Milford Instru- 
ments). 

In case you didn't know, the BASIC 
Stamp can be programmed using the 
BASIC programming language from 
any PC computer using a serial 
cable. The same link is used to pro- 
gram the control panel into the Flex- 
iPanel-Bluetooth module used as part 
of the project: a robot controller with 
toute tracking. 

The BASIC programs and FlexiPanel 
designer data files used in this and 
two more projects are available from 
Elektor Electronics as free software 
downloads. The other two projects 
are an access system and a tempera- 
ture logger, they are not discussed in 
this article. 


from your PDA 
or mobile phone 


Modified BoE 


The circuit diagram of the modified BoE 
(Board of Education) is shown in Fig- 
ure 1. The ‘brains’ are a BS2p (BASIC 
Stamp 2) module which is plugged into 
the 24-way socket. Like its 1999 prede- 
cessor, this BoE has an RS232 соппес- 
tor (K2) and a prototyping area 
enclosed between K7, K3, K6, K8, К4 
and K5. We'll use the area later to fit a 
couple of components the robot needs 
to be able to tell you its whereabouts. 
The Flexipanel Bluetooth module is 
plugged straight onto a dedicated 
socket, K9. 

The BoE has its own voltage regulator, 
102, and when used on its own (for 
example, during programming ses- 
sions) can be powered from a 9-volt 
battery. The programming utilities and 
the BASIC editor are available from 
Parallax Inc., just look for Board of Edu- 
cation on their website 
www.parallax.com and you'll find a 
mass of (free) information. 

The component mounting plan of the 
new BoE is given in Figure 2. Hoorays 
and applause at this point because the 
board is single-sided. 


Tracking robot 


If your friends sniff at yet another 
buggy-style little robot, tell them that 
this remote controller differs from many 
others in being able to send informa- 
tion back to the handheld device using 
data over a radio link. By using an elec- 
tronic compass mounted on the robot, a 
route trace is recorded and reported 
backto the handheld unit. 

Figure 3 shows what to add to the BoE 
to make it suitable for our experiment. 
First, there is the combined FlexiPanel- 
Bluetooth module hooked up to the 
BS2p by five lines. The two units 
employ bidirectional serial communi- 
cation with handshaking. As you will 
have surmised, the FlexiPanel is also a 
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Figure 2. РСВ design for the modified BoE. 


COMPO- 
NENTS LIST 


Resistors: 
RI = 2k02 


Capacitors: 

C1,C2 = 100nF 

СЗ = A7yF 40V radial 
СА = IpF 25V radial 


Semiconductors: 
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D1 = LED, red, low current 

ІСІ - Bosic Stamp |852, В525х, BS2e or 
852p) (Parallax Inc, Milford 
Instruments) 


1С2 -1М2940Т-5.0 


Miscellaneous: 

КІ = 2-уау PCB terminal block, lead 
pitch 5mm 

K2 = 9-way sub- D socket (female) 
angled pins, PCB mount 

K7,K8 = 17-way SIL connector (header 
or socket) 

К9- 10-way SIL socket 

51 = pushbutton, 1 make contact, РСВ 
mount, e.g., DóR 


microcontroller system (and an intelli- 
gent one, too)! The BS2p runs software 


over, FlexiPanel can request BS2p 
attention when a client device has 
changed a control via Bluetooth. This 
is done using a kind of interrupt con- 
veyed via the Data line which in our 
case is monitored by an LED. 

The electronic compass module type 
CMPS03 is an IC device from Devan- 
tec. It is available from, among others, 
Milford Instruments. 

The BoE with its extension circuitry 
crammed in the prototyping area is 
mounted on the BoE-Bot robot super- 
structure available from Parallax Inc. 
This has motorized wheels which may 
be controlled by pulsewidth modulation 
direct from the BASIC Stamp as indi- 
cated in Figure 3. The tracking robot, 
ready to start on its journey, is shown in 
the introductory photograph. Note that 
the photo shows the Parallax BoE. 


FlexiPanel and 
BS2p programming 


Using FlexiPanel Designer, a program- 
ming utility supplied by Hoptroff, a 
user interface is created containing: 

— compass bearing display; 
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Device Pinout 


Pin Name Purpose 

] Vss Connect to 0 V 
2 Мо! connected 
3 


4 
5 RTS 
operations 
6 CTS 
operations 
7 Mod See text. 
8 Data 
FlexiPanel client. 
Not connected 
10 Vdd Connect to 45 V. 


RxD Serial data input from BASIC Stamp 

for serout operations 
TxD Serial data output to BASIC Stamp for serin operations 
Serial flow control output to BASIC Stamp for serout 


Serial flow control input from BASIC Stamp for serin 


Data output high when а control has been updated by a 


Care must be taken to insert the module into the correct side of the AppMod 
slot and in the correct orientation. Make sure Vss connects to Vss and Vdd 
connects to Vdd (not Vin!). Failure to do so may damage the module. 


—latching pushbuttons for stop, for- 
ward, reverse, left and right; 

~a table showing the route traced by 
the robot. 


Flexipanel Designer generates a pro- 
gram for PBasic that allows the Flexi- 
Panel hardware to be programmed. 
Using the PC and Basic Stamp Editor, 
this piece of software is downloaded 
onto the Stamp where it is executed. 

It may happen that FlexiPanel has to 
be reset first, for example, when an 
earlier attempt at programming went 
wrong. In that case, the circuit supply 
voltage has to be switched off and on 
again — the reset button on the BoE 
having an effect on the Stamp only 
and not on the FlexiPanel! When the 
circuit is switched on, the program- 
ming will recommence automatically 
— the program still being available in 
EEPROM, it does not have to be 
loaded again from the PC. It should be 
noted that FlexiPanel needs about 10 
seconds to boot so you can stir your 
tea or coffee before programming actu- 
ally commences. To have at least an 
indication of what's happening during 
the boot-up phase, a low-current LED 
may be connected between the Data 
line and ground, not forgetting a 1-k 
resistor — see Figure 3. After switch- 
ing on the supply or after a soft reset 
of the module (which happens auto- 
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Figure 3. The add-on circuitry for the Tracking Robot consists of an electronic 
compass module. 


matically after programming), the LED 
will light up for a few seconds and 
then go out once booting is finished. 
The LED will also light briefly when 
FlexiPanel receives a command over 
Bluetooth (interrupt request). 

The result of the using FlexiPanel 
Designer may be seen in the What do 


I with it inset: simple buttons to press 
on a pocket PC or GSM phone, and а 
map returned by the robot telling you 
where it went! 

When the user interface has been pro- 
grammed into the FlexiPanel module, 
the BASIC Stamp is loaded with the 
runtime program shown in Listing 1. 
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Device Properties 


Name 

Data Logger | 

Р Pro every, | 
3 second: 

Г One shot 

Г Unicode 

Target Device. 

FlesPanelStempModde = 


Тараа. | | 





Save. | SedToTaget. | Core | 

















ї_ Baud Rate: Ри _ 
ааВіс | БонбойФ өрх [- DIR [- RTS 
I| өвх @ DSA OCTS | 
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A Bluetooth Protocol 


Bluetooth is a 2.4GHz digital radio communication proto- 
col developed and licensed by Ericsson. Serving the ‘per- 
sonal area network’, Bluetooth devices can come and go 
ad hoc. In contrast, the WiFi protocol, operating at the 
same frequency, is more suited to longer-term wireless 
infrastructure, with each individual node needing to be 
assigned a fixed IP (internet protocol) address. 


Thanks to Bluetooth headsets, Bluetooth is now solidly 
entrenched in the mobile phone market. Intel intends to 
incorporate Bluetooth into its Centrino 2 chipset, to be 
launched in Autumn 2004. Not only will this allow PCs to 
connect wirelessly io printers, etc, but it will boost the 
growth of VolP (voice over internet protocol), i.e. phone 
calls over the internet. 


The Bluetooth standard provides interfaces for a wide 


range of communications protocols, from a simple serial 
port to audio. like many higher-level protocols such as 
OBEX file exchange, FlexiPanel sits on top of the serial 
port emulation layer of the Bluetooth protocol stack. It is 
not part of the "ааг Bluetooth standard. However, the 
standard is relatively open in that anyone is free to create 
software for remote devices, and productside components 
such as the FlexiPanel module are manufactured under 
license, just like any Bluetooth radio module. The first 
FlexiPanel products were software libraries to provide 
remote control for Windows applications and high-end 
embedded systems. 


From the electronic product's perspective, the FlexiPanel 
module is a peripheral providing graphical user interface 
services. |І maintains a list of the controls required by the 
produci, and the current state of the controls. The product 
сап update a control at any time and if a user modifies а 
control, the product is notified! 


Installing a Bluetooth adapter 


Desktop PCs will typically 
employ external Bluetooth 
adapters to communicate with 
devices like FlexiPanel. 
Usually, the installation of 
such adapters is a breeze 
using the supplied software, 
however in the case of the 
FlexiPanel some fine tuning is 
required. 


É Control Panel 


For these adapters a series 
of COM ports is installed 


Bluetooth Configuration 
Gereral | Accessbity | Discovey | Local Services| Clerk Appicatons | Hardware) _ 


Specty how this computer wil access services on other Bluetooth devices, 
Double-click an application name to tet ès security and edi йз properties 


Application Name 3 Secure Connection COM Pod 












































Бе БЖ vew Раабе Jods tep 








Double-clicking on this option takes you to the next window (tab: Client Applications) 























COM Port: [COM3 v 











Inspect the COM port properties and make sure Secure Connection is unchecked. 


that look after the link to other Bluetooth devices. These 
links are normally protected against non-authorised 
access to the PC by the installation software. However, 
FlexiPanel does not employ a protected link and that's 
why you need to tweak the PC's COM port settings. You 
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start from the Control Panel where the Bluetooth configu- 
ration may be found. 


For these and other niggling details on Bluetooth 


see the FAQ at 
www.flexipanel.com/comports/index.htm 
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НЬ. 


Listing 1. BS2p code for Tracking Robot (extract) 


BackUp: 


PULSOUT lPort, 1Мах2 

PULSOUT rPort, гМах2 

PAUSE 20 

FwRvSp - 2 

GOSUB CheckCompass 

IF DataPin = 1 THEN ReadControls 
GOTO BackUp 


CheckCompass: 


% only check every 50 pulses 
CmpCount - CmpCount - 1 

IF CmpCount » 0 THEN GoBack 
CmpCount - 50 


“ Get compass direction in binary radians and in tenths of a degree 
I2CIN SerPt, CmpIn, 1, [brad, degs.HIGHBYTE, degs.LOWBYTE] 


^ Send degrees value to bearing control (code generated by FlexiPanel Designer) 
SEROUT TxPin\CTSPin, BaudM, [SetData, ID Bearing, degs.LOWBYTE, degs.HIGHBYTE, 0, 0] 


% Calculate position with Send binary radians value to bearing control 
* (code generated by FlexiPanel Designer & cut'n'pasted) 


IF FwRvSp = 1 THEN 
xloc - xloc % COS( brad 
yloc - yloc % SIN( brad 

ELSEIF FwRvSp = 2 THEN 
xloc - xloc - COS( brad 
yloc - yloc - SIN( brad 

ENDIF 


4 if moving, send to trace 
IF NOT FwRvSp = 0 THEN 
SEROUT TxPin\CTSPin, BaudM, [AddRow, ID Route trace, yloc.LOWBYTE, yloc.HIGHBYTE, 
xloc.LOWBYTE, xloc.HIGHBYTE | 


ENDIF 


6 return to motor control 


GoBack: 
RETURN 


After initialization, the program tests 
to see what kind of motor control pulse 
itis supposed to supply. Then it reads 
the compass and writes the bearing to 
the bearing display and the route 
tracker. 


More about 
the project software 


То get started with this project you 
will need the following: 


1. Windows 2000 or later 

2. FlexiPanel Software Development Kit 
(SDK) 

3. Basic Stamp Editor (BSE) 

4. FlexiPanel 


Some notes: the FlexiPanel Software 
Development Kit SDK (previously 
known as FlexiPanel BASIC Stamp 
Developer's Kit) only works on recent 
versions of Windows. 

The SDK allows the GUI to be 
designed on a PC, i.e. you decide on 
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the controls necessary for the final 
product, and their ‘look’ as they appear 
on the Bluetooth device, see ‘Flexi- 
Panel Designer’ above. 

Regarding the BSE, only the Bs2, 
Bs2sx, Bs2e and BS2p are supported. 
The -p version is preferred because of 
its speed and memory size. Note that 
the 40-pin Bs2p40 will not fit on any 
BoE as only а 24-pin socket is ауай- 
able. 

A version of FlexiPanel for Windows 
95/98 is available as a free download, 
as well as versions for MS Smartphone, 
Pocket PC, Java JABWT devices and 
Palm OS. 


Closing notes 
on the tracking 
robot project 


The BoE-Bot is powered by four AA 
batteries which, in practice, will only 
last a few tens of minutes before they 
are exhausted or their voltages start 
dropping to levels where the electron- 


ics start 'browning-out'. 

The FlexiPanel module can generate a 
signal indicating when a remote unit is 
connected. The robot could automati- 
cally halt if it went out of range of the 
remote unit. 

The operation of the electronic com- 
pass is significantly influenced by the 
surrounding metal and direct currents. 
These effects may be counteracted by 
local calibration of the compass. 





Web pointers 


Parallax: www.parallax.com 


FlexiPanel: www.flexipanel.com 
Milford Instruments: 
www.milinst.demon.co.uk 


Free Downloads 

Basic stamp (.bsp) and Flexipanel | БОР) 
programs for Tracking Robot, 
Datalogger and Access Controller 
projects. Full project documentation 
(doc). File number: 040186-11.zip 

PCB layout in PDF formot. File number: 
040186-1.zip 

www.elektorelectronics.co.uk/dl/di.him, 
select month of publication. 


Advertisement 
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review copy 


Proteus VSM 


Also simulates 


microcontrollers! 


David Daamen 


Schematic drawing, PCB designing and off 
you go testing the design. These days we 
do everything on a PC. Simulation pro- 
grams have now reached a level of sophisti- 
cation that includes co-simulation of a micro- 
controller in your design. Proteus VSM from 
Labcenter Electronics is an extensive soft- 
ware bundle offering professional features 


at an affordable price. 


Proteus Virtual System mod- 
elling (VSM) is software that 
allows digital and analogue 
circuits, or a mixture of the 
two, to be simulated on a 
PC. Of course, it all starts 
with circuit diagram entry 
(‘schematic capture’). Here, 
ISIS schematic capture is 
used. From the same suppli- 
er comes a separate utility, 
ARES, for the PCB design 
phase, providing a seamless 
link with ISIS. Together, ISIS 
and ARES form the tradition- 
al combination that makes 
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‘putting а circuit onto PCB’ 
very easy indeed. Naturally 
we found features like con- 
nectivity verification (‘elec- 
trical rule and connectivity 
check’), an automatic com- 
ponent placer and an auto- 
matic track router. So far, 
nothing unusual as other 
software products may be 
found with roughly the same 
functionality. 


In the case of Proteus VSM, 
it's the simulation part that 
offers a number of unusual 


features, including one 
we've not seen before in 
affordable design/simula- 
tion packages: microcon- 
trollers may be included in 
the circuit. That, in itself, is 
possible with other design 
software, but Proteus VSM 
is actually capable of simu- 
lating the code executed 
by the micro! Again, you 
тау argue that even that is 
not unique but wait, 
there's another novelty. 
During simulation, you can 





work interactively with the 
circuit: switches апа 
potentiometers may be 
operated ‘as if for real' and 
the status of LEDs or infor- 
mation on LCDs is immedi- 
ately visible. The feature is 
fast, too, as it is perfectly 
possible to make periodic 
signals with frequencies in 
the audio range audible via 
the PC's soundcard. A com- 
plete graphic LCD touch 
screen hooked up to a 
microcontroller is not only 
refreshed during simula- 





The internet 


е for all professionals and hobbyists 


actively engaged in electronics and computer technology 


wwvw.elektor-electronics.co.uk 
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tion, but may also be соп- 
trolled using the mouse. It 
all happens virtually in 
real-time. On a 300-MHz 
Pentium II you can simu- 
late a standard 8051 sys- 
tem ticking at 12 MHz. 





> 5 3l 


The core of the simulator is 
called ProSPICE, a combina- 
tion of an analogue simula- 
tor and a fast event-driven 
digital simulator, allowing a 
mix of analogue and digital 
electronics (a ‘mixed mode" 
circuit) to be simulated 
without problems. The 
advantage of SPICE is that 
component models supplied 
by manufacturers may be 
added at the drop of a hat. 
Incidentally Proteus VSM 
comes with about 6,000 
SPICE models. 


The simulation also employs 

'animated models': graphic 
animations whose appear- 
ance can change during sim- 
ulation, for example, to indi- 
cate the current flow direc- 
tion, or showing that a lamp 
actually lights up. It is also 
possible to define your own 
(animated) models, in princi- 
ple, without the need to pro- 
gram them! 


A documented 'software 


developers ЮМ? (SDK) is 
supplied allowing models 
to be created in the form of 
DLL files. 








Virtual testing implies virtu- 
al measurement — not just 
using simple volt and 
ammeters, but also more 
advanced instruments like 
an oscilloscope, a function 
generator, a pattern genera- 
tor, a counter and an asyn- 
chronous terminal. As far as 
operation and options are 
concerned, these are simply 
‘instruments’ as you may 
see them on the test bench. 
A useful 'extra' is the ability 
to display the logic level of 
any connection or junction in 
the circuit in real time using 
а coloured dot. 

More advanced measure- 
ments like graph plotting or 
frequency response meas- 
urement, noise and distor- 
tion analysis, are available 
in the utility ‘Advanced 
Simulation Option'. 





VSM is capable of linking 
two simulations: one of soft- 
ware executed 'inside' a 
microprocessor, the other, of 
the complete electronics cir- 


cuit around the micro. For 
example, the act of a proces- 
sor writing code to a port 
results in corresponding 
logic level changes in the 
circuit. And the other way 
around: if a (sub-)circuit 
changes a logic level then 
the simulated program will 
notice it. 


VSM's included models not 
just support simple I/O 
ports but also interrupts, 
timers, USARTs etc. — 
depending of course on the 
processor being simulated. 
It is even possible to include 
multiple processors in the 
circuit — it's just a matter of 
drawing a few lines to con- 
nect the relevant chips! 

At the time of writing, 
Proteus VSM versions are 
available for the BASIC 
Stamp, PIC, AVR, HC11 and 
8051 processors. 


Because the design of a 
microprocessor or microcon- 
troller circuit is hardly ever 
finished and approved in 
one go, the process of 
debugging or 'error elimina- 
tion' remains essential. Not 
surprisingly, Proteus VSM 
gives great attention to the 
subject. In particular the 
single-stepping feature will 


be welcomed by designers. 
Just as with the software 
debugger you normally use, 
code for the processor may 
be executed line by line. 
However, this time you can 
observe the results of the 
code execution on the whole 
circuit rather than the micro 
alone. Depending on the 
processor family selected 
and available programming 
tools it is even possible to 
‘step’ through code written 
in higher programming lan- 
guages like С. 


Proteus VSM is highly rec- 
ommended for designers fre- 
quently working on circuits 
containing digital as well as 
analogue electronics. 





The price of Proteus VSM is 
dependent оп processor 
family, optional extensions 
and commercial or educa- 
tional use. For the latest 
Price info, contact 


Labcenter Electronics, 
53-55 Main Street, 
Grassington BD23 SAA, UK. 
Tel. (+44) 1756 753440, 
fax (+44) 1756 752857. 
www.labcenter.co.uk, 
info@labcenter.co.uk 
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Double Sided, 1.6 mm, 
Plated Through, 

Green Solder mask, 
Hot Air Level, 

1 White Legend. 

Price including 

tooling * plotting * УАТ 
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USB EMBEDDED Ё 


for removable mass storage devices 





Mark Schultz 


Senior Applications Engineer - Cypress Semiconductor 


Till now USB has been available only on 
personal computers, leaving large, 
untapped potential in the area of 
embedded systems. New embedded host 
controllers from Cypress herald a new era. 




















105Т CONTROLLER 


An embedded system is defined аз hardware and 
firmware — either stand-alone or part of a larger system 
— usually with some sort of operating system. The oper- 
ating system can be Windows CE, VxWorks or a more 
simple system consisting of ‘home made’ code. Using 
the above definition, it can be said that any electronic 
device that has a processor has the potential to be an 
embedded USB host. 
Designs that incorporate a USB Host controller have a 
distinct advantage over traditional designs in the sense 
that they can now host any type of USB device. The obvi- 
ous advantage here is that storage space for a design 
can be dynamically added or removed at any time. Con- 
sider the case of an MP-3 player that contains а USB 
Host. MP-3 files can be easily downloaded via a USB 
flash drive or any other media that includes USB support. 
Many other types of applications should be able to real- 
ize similar performance with the addition of a Host USB 
solution, such as the ability to perform field upgrades or 
download critical data to a non-networked system. 
Existing solutions for expansion of embedded systems 
usually involve a laptop or some other type of portable 
computing device connected to the embedded system via 
a serial cable. Although this is a simple and effective 
solution, it requires the extra PC and additional cabling. 
Additionally, there could be problems associated with the 
use of legacy ports. 
Typically, a PC is a USB host. Anything else containing 
USB is a peripheral. As an example, take the case of a 
digital camera. A digital camera has traditionally been a 
USB peripheral. To print an image to a USB based 
printer, a PC is first used to upload the images from the 
camera to the PC and then to download them to a 
printer. If the digital camera had USB host capabilities, it 
could download the images directly to the printer. 
Of course, such functionality comes with a price. A USB 
Host is responsible for a number of tasks including enu- 
meration of devices, task scheduling and bandwidth allo- 
cation. Fortunately, there will be а code framework that 
will handle these tasks for us. 
This article will outline some of the basics required for 
interfacing a USB Host controller to a removable mass 
storage device. A short primer on the use of SCSI com- 
mands and how they relate to file systems will be pre- 
sented as well as a quick overview of the FAT file system. 
This will be followed by a design example. 


А 
Mass storage basics 

Communication via the USB interface uses SCSI com- 
mands embedded inside а UFI Packet. A file system is а 
logical structure used to track various parameters of the 
storage media, 


FAT File System 

This design will support the File Allocation Table (FAT) 
type of file system. In the FAT file system, there is a table 
that contains a number corresponding to each section or 
cluster on the disk. It will be necessary to use the File 
Allocation table to locate the individual clusters within а 
file since they may not all be contiguous. There are other 
types of file systems such as NTFS (NT File System) and 
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FAT (first copy) 
| БАТ (second copy) 








DataArea 








UFS (Unix File System) that will not be supported by this 
design: 

Our file system will be logically represented by a data 
structure called a volume. A volume contains information 
about the location of the File Allocation Table (БАТ), гоо! 
directory, and a data area that is subdivided into sectors 
and clusters. 

All mass storage devices contain a boot record. Aside 
from containing code that сап be used for bootstrapping 
the device, this area also contains other useful informa- 
tion about the device that can be used to fill in the vol- 
ume information. There is also а partition record for each 
useable partition on the device. We will use this later on 
as well. 

The basic ouiline of the file system is shown in Figure 1. 
There are а number of distinct areas on а mass storage 
device beside just the directory and data area. The parti- 
tion information begins at offset 1ВЕн of the first physical 
sector on the drive. After this sector, there are a number 
of reserved sectors, followed by the actual file allocation 
table. The FAT operates on groups of sectors called clus- 
ters. The FAT contains information about the physical clus- 
ters on the drive such as whether they are available to be 
written to and where the next cluster in the file is located. 
There are actually two copies of the FAT per drive for 
redundancy purposes. The root directory is 512 entries 
long in а ҒАТ16 system with each entry occupying 32 
bytes. Thus the total root directory takes up 32 sectors. 
After that is the data area containing files and subdirecto- 
ries. The start of the data area is said to be at cluster 
number 2, alihough in reality it is actually more ihan 512 
sectors from ihe beginning of ihe drive. Table 1 shows 
the volume information for one particular USB flash 
device: The beginning of the actual data is 235ң sectors 
from the beginning of the drive. The area before this con- 


Figure 1. File 
structure system. 
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Figure 2. ИН 
transaction using 
CBW and CSW. 


Table 1. Volume information 






































алына раш ана шивсэн 
Fat Size BYTE FAy 
Total Sectors DWORD ЗЕ7ЕОд 
Total Data Sectors DWORD ЗЕ5с8ң 
Number of Clusters — | WORD F972, 
Roo! Dir Seclors BYTE 204 
First Data Sector WORD 235, 
Bytes Per Sector WORD 200 
Sectors Per Cluster | BYTE 004, 

| First БАТ Sector BYTE 21н 
First Dir Sector WORD 215, 











tains the partition record, boot record, two copies of the 
FAT, and the root directory. This information will be used 
later on to locate files on the drive. 


SCSI 

Many mass storage devices use SCSI commands for com- 
munication between the host and the device. We will be 
using three SCSI commands to perform our file opera- 
tions. The commands are Inquiry, Read Capacity and 
Read(10). The format of the three SCSI commands to be 
used in this design is shown in Table 2. 

Each command takes an Op Code and a Logical Unit 
Number (LUN). Some commands have an LBA field. An 
LBA is a Logical Block Address. A Logical Block is the 





DATA 
xed 


0: 55 53 42 43 48 6c 66 80 24 00 00 00 80 00 06 12 
16: 00 00 00 24 00 00 00 00 00 00 00 00 00 00 00) 








8: 00 00 00 00 00 00 00 0 
16: 46 6с 61 73 68 20 44 Є 
32: 20 20 20 20 

















(02 |55 53 42 53 48 6С 66 80 00 00 00 00 00 





smallest addressable section of a mass storage device, 
often referred to as a sector. Later on, we will see how to 
use an LBA to access file data. The Read (10) command 
also has a field for transfer length. Transfer length gener- 
ally refers to the number of sectors to be sent or received. 
For the purpose of simplicity, we will work with only one 
Logical Unit. Thus, the LUN field will always be “07. 


UFI 

Removable media mass storage devices containing a 
USB interface use a common interface known as the UFI 
interface. The SCSI commands are embedded in the UFI 
packets. A UFI transfer is carried out in three phases: 
command, data and status. The command phase employs 
the Command Block Wrapper (CBW) and the status 
phase, a Command Status Wrapper (CSW). 

The CBW is а 31-byte packet with ihe first 15 bytes con- 
taining four bytes оше and four bytes of tag, 
three bytes of commands and flags and 4 bytes for the 
length of the actual data to be read or written. The final 
16 bytes comprise the command block, which is the 
actual SCSI command. The CBW signature is used to 
identify the device and is hard-coded to 55 53 42 43 by 
the UFI specification. Interestingly, the signature in ASCII 
is ‘USBC’ for a USB Command. The tag can be any 4 
byte value. The CSW will use the tag value received dur- 
ing the CBW phase to report the status of the CBW. 

The CSW is a 13-byte packet and is similar to the CBW 
in that it contains four bytes of signature hard-coded to 
55 53 42 53 which, in ASCII is 'USBS' for USB Status. 
There is also a 4-byte tag that will be matched against 
the tag of the CBW. The CSW also contains four bytes 
for the residue, which is the expected transfer length 
minus the actual transferred data length. There is one 
additional byte used to report transfer status. An example 
of a USB transfer using a CBW and a CSW is shown in 
Figure 2. 

The first transaction is the CBW. The signature is con- 
tained in bytes 0 through 3 and the tag is contained in 
bytes 4 through 7. The tag can be any random 32-bit 
number. The CSW will use the tag value to Acknowledge 
completion of the command specified in the CBW. The 
“24' in byte 8 is а hexadecimal value representing 36 
decimal and is the actual length of the transferred data in 
the second phase. 

The second transaction is the data stage and includes the 
36 bytes of data read back from the USB mass storage 
device. In this case, the data is in response to an Inquiry 
command (12н) that can be seen in byte 15 of the first 
fransaction. Converting the 36 bytes of data beginning 
at the ninth byte to ASCII will reveal the string ‘Cypress 
Flash Disk’. 

The third transaction is the CSW. Note the match 
between the tags of the CBW and the CSW. There is no 
remaining data to be transferred as shown in bytes 8 
through 11. Byte 12 contains the status of the transac- 
tion. For this field, а “0” denotes success. 


The Cypress EZ-Host controller 
The Cypress EZ-Host is а 16-bit RISC based microcon- 
troller, which contains two Serial Interface Engines (SIEs). 
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Each SIE conirols two USB host poris or one USB periph- 
eral port. The EZ-Host also contains a number of periph- 
erals such as RS-232, SPI, НРІ and HSS. There are 16 K 
bytes of internal memory space and provisions for an 
ехїегпа! memory interface. 
The EZ-Host includes a firmware framework that takes 
care of most of the USB Host details. With full support for 
various types of USB transfers, reading and writing io 
USB mass storage devices is as simple as filling in some 
information and letting the frameworks handle ihe rest. 
The EZ-Host framework contains all of ihe necessary 
firmware to implement USB Host functionality. Included in 
this are task scheduling, device enumeration, bandwidth 
allocation and power management. 
Applications, on the other hand, are the firmware to con- 
trol specific USB devices and communicate their data to 
ап end application. 
At the heart of the frameworks is the TD processor. The 
TD processor operates on a data structure called a Task 
Descriptor (TD) using its information to communicate with 
the USB hardware, specifically the Serial Interface 
Engine (SIE). It is important to note that each of the SIEs 
controls two ports and that there is a TD processor for 
each SIE. 
The framework code incorporates a simple round-robin 
scheduler. The scheduler handles a number of tasks such 
as checking for device insertion and removal, checking 
the UART for incoming messages and executing the ‘run’ 
function of every installed device driver. 


Basic USB transfers are used to move data in either direc- 


tion (Host to Peripheral and Peripheral to Host). The host 
initiates the transfers. To move data to a peripheral, the 
host uses the function usb_send_bulk_out. To get data 
from a peripheral, the host uses usb_recy_bulk_in. Each 
of these functions requires some additional data — a 
pointer to the device structure, the USB endpoint to be 
used, the length of transfer, and a pointer to the send or 
receive buffer. Once these details are specified, the 
framework takes care of the rest. 


Framework Flow 


The framework code will execute as follows. On power 


on reset, the EZ-Host microprocessor will initialize all reg- 


isters and counters as well as all device structures. It will 
then enter a loop: 


— Check the host USB ports for any changes in status 
(devices inserted or removed). 

= Check the TD processor and get status of all TDs run- 
ning on the two SIEs. 

- Go through the list of active device drivers and execute 
the run function for each. 


Checking the host USB port for status changes requires 
inspection of a change variable. The port change inter- 
rupt handler will set this variable if a change occurs. If 
the port shows a change, enumeration code will be exe- 
cuted to service this change. 

If a device is found, frameworks code will attempt to 
match the device to a registered driver. Driver matching 
can be accomplished in a number of ways. If there is 


9/2004 - elektor 





Table 2. SCS! commands 





















































scsi 1 Read 

command inquiry Capacity Read(10) 

Byte #0 124 254 28, 

Byte #1 LUN LUN LUN 

Byte #2 Page Code | LBA(MSB) [LBA (MSB) 

Вуе #3 Reserved ІВА ІВА 

Allocation 

Byte #4 pes ІВА ІВА 

Byte 85 Reserved LBA (LSB) LBA (158) 

Byte #6 Reserved Reserved Reserved 
Transfer 

Byte #7 Reserved Reserved Length (MSB) 
Transfer. 

Byte #8 Reserved Reserved Length 158) 

Byte #9 Reserved Reserved Reserved 

Byte #10 Reserved Reserved Reserved 

Byte #11 Reserved Reserved Reserved 





only one specific device to be supported, the device's 
VID and PID can be added to a ‘Targeted Peripheral List’. 
The device's VID and PID are then checked against this 
list. A more common method of device/driver matching is 
via device class and interface class. In the case of mass 
storage devices, both the device class and interface class 
have a value of ‘8’ and their respective subclasses have 
a value of ‘6.’ So, when the driver is created, these val- 
ues will be entered into the appropriate fields (see Fig- 
ure 3). 


Де DA) 
Building an application 

In this section we'll show how to build a simple embed- 
ded USB design that controls a USB Flash drive. First, we 
will need to create a driver for the mass storage device. 
We can call the driver the mass storage driver or some 
name indicative of the capabilities of the device. The 
most important fields in this data structure are the class 
and subclass fields. The framework will use these values 
to match this driver up with any Flash device with the 
same class and subclass values. One other possibility 
here is to enter a specific Vendor ID and Product ID in the 
driver template. In this case, only the device containing 





е void (aren) (9914): 


Figure 3: Device 
Driver Template. 
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Figure 4. 
ReadFilr Code. 


Figure 5: Simple 
USB Host Stack. 
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those Vendor and Product IDs will be started when 
plugged in. 

Once the driver is created, the next steps are to add the 
start, stop and run functions plus the class codes for the 
device so the driver can be found. A driver structure is 
shown in Figure 4. 

The name of the driver function has to be added to the 
file drvrlist.h: 


#define FWX_DRIVER_LIST { &mass_storage_driver } 









































The mass storage driver's ‘start’ function will use the 
CBW/CSW protocol to interrogate the device to deter- 
mine its characteristics. Code inside of these functions 
will get the data and pass it on to the application layer of 
the design. This will enable the higherlevel layers of the 
application to handle the specifics of file management. 
The stop function will clean up any pending operations or 
transfers and notify the application layer that a device 
has been removed. The run function, finally, will be used 
to check for any incoming commands from the applica- 
tion code. 


Using the frameworks to read a 
USB Flash drive 


Now it is time to create some application code that actu- 
ally does something. At this point, we have created a 
driver and have a means to match it up fo a device by 
class and subclass matching. Next up is to add code to 
the driver for its start and run functions. 


When the driver starts, we want it to go out and interro- 
gate the flash device to gather information about its file 
system. Then, the run function will be used to periodically 
check as to whether the user wants to read any file data. 
The driver's start function will gather data about the file 
system in the following way: 


- Perform a SCSI Inquiry command to get information on 
the attached device. 

— Perform a SCSI Read Capacity command to get infor- 
mation about the size of the attached device. 

= Perform а SCSI Read(10) with the LBA set to O to get 
data from the first physical sector on the flash device. 

~ Type cast ће 16 bytes beginning at offset 1BE, of the 
first sector to а partition record entry. 

— Using the partition record information, locate the ‘Start 
LBA’ — the number of the cluster containing the boot 
record. 

— Perform a SCSI Read(10) with the LBA value set to the 
Start LBA to read the sector containing the boot record. 
Use the information in the boot record to fill in the vol- 
ume information. 


At this point, we have used three SCSI commands and 
our knowledge of the drive layout to obtain the informa- 
tion that was presented in Table 1. We can now use this 
information to read any file on the drive. 


The directory entry for a file will contain its Start Cluster 
number. This value will be passed to the file reading func- 
tion in the Location field. The ReadFile function will read 
each sector in the cluster, then check the FAT to see if 
there are additional clusters for the file. The code 
required to perform a file read is shown in Figure 4. 
The Sector value can be calculated using information 
contained in the Volume structure. Note that the file read- 
ing loop executes once for each sector in the cluster. 
When a cluster has been fully read, the FAT is checked to 
find the NexiCluster value. Also note the use of CBWs 
and CSWs for communicating with the drive. 
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Application Programming Interface 


Figure 5 shows the hierarchy of the EZ-Host firmware. 
An external processor or application can communicate 
with the interface layer via RS232. Application code can 
be written to provide an АР! between the interface layer 
and the FindFile and ReadFile functions. 

One possible interface layer is shown in Figure 6. 
Here, the UART is checked for a one byte Op Code fol- 
lowed by a filename, file extension and directory start 
location. An Op Code of ‘1’ causes the FindFile function 
to be executed. Ап Op Code of ‘2’ signifies a file read 
operation. 


The FileName and FileExt fields in the packet specify the 
file to be found or read. The additional packet field, 
DirStart allows for the location of files in either the root 
directory (DirStart = О] ог in a sub directory (DirStart = 
start cluster of the subdirectory). 


As an example, suppose we wanted to read a file called 
File] in the root directory: 

The first UART Packet sent to the interface layer would 
have the parameter FileName set to File], a DirStart 
value of 0! and an Op Code of "2' for a file read. The 
pur firmware would return the contents of the file 
Filel. 


Now, suppose we wanted to read a file called File2 in 
the subdirectory SubDir1. 


The first UART Packet would have the FileName рагат- 
eter set to SubDir1, ihe Op Code set to ‘1’ for Не find 
and the DirStart value set to ‘0’ The FindFile function will 
return the starting cluster of the SubDirl directory to the 
application. Next, another UART packet would be sent, 
this time with the FileName parameter set to File2, the 
Op Code set to ‘2’ for file read and the DirStart value set 
to the starting cluster of SubDir1 which was returned from 
the previous FindFile function. At this point, the EZ-Host 
will return the contents of File2. 


Using this API and the above examples, a file from any 
directory on the drive can be read. 


. 
Conclusion 

Using an embedded Host USB controller, removable 
mass storage can be added to any design. This feature 
allows for downloading of critical data or for firmware 
upgrades to the design via USB. 


An embedded USB host may be implemented with just 
one additional IC and no third-party software. An embed- 
ded USB Host framework has taken care of all of the 
lower-level details for us. Cypress’ EZ-Host USB host сап 
support the full speed Bulk transfers required to communi- 
cate with mass storage devices. The present code size is 
approximately 13 kbytes. File system support can easily 
be added to support application specific devices. 


(884) 
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Figure 6: Example 
rat) Interface Layer. 








Web pointers 
FAT file system: 
www.microsoft.com/hwdev/download/hardware/ 
fatgen103.pdf 


UFI Command Specification: 


www.usb.org/developers/devcl mass-ufilO | 


USB Mass Storage Class Bulk Only Transport Specification: 
www.usb. levelopers/devclass docs/usbmassbulk 10.pdf 


Mark Schultz 


Is.a Senior Customer Design Center Engineer 
with Cypress Semiconductor. Mark holds a BSc 
in Information Technology from New Jersey 
College. Before arriving at Cypress, he worked 
on CCD camera bus interface boards at 
Princeton Instruments. Mark is а member of 
IEEE and has over 20 years experience in the 
electronics industry. 












СМ23 4WP 
Tel: 0870 246 1826 
Ғах: 0870 460 1045 


Quasar Electronics Limited 
PO Box 6935, Bishops Stortford, 


E-mail: sales@quasarelectronics.com 


MAIL ORDER ONLY. 





Add £2.95 P&P to all UK orders or tst Class Recorded - £4.95, 
Next Day (insured £250) - £7.95, Europe - £5.95, Rest of World - £9.95 
(order online for reduced price UK Postage), 

We accept all major credit/debit cards. Make chequesiPO's payable 
to Quasar Electronics. Prices include 17.5% VAT. 

Call now for our FREE CATALOGUE with details of over 300 kits, 
projects, modules and publications. 





QUASAR O87 


electronics 


Helping уси тойа the right connectors! 


Motor Drivers/Controllers 
Here are just a few of our controller and 


driver modules for AC, DC, unipolar/bipolar 
Stepper motors and servo motors. See 
website for full details. 





DC Motor Speed Controller (5A/100V) 
Control the speed of almost any common DC 
motor rated up to 100V/5A. Pulse width 
modulation output for maximum motor torque 
at all speeds. Supply: 5-15VDC. Box sup- 
plied. Dimensions (mm): 60Wx100Lx60H. 

Kit Order Code: 3067КТ - £12.95 

Assembled Order Code: AS3067 - £19.95 


NEW! PC / Standalone Unipolar 
Stepper Motor Driver 
Drives any 5, 6 or 8-lead 
unipolar stepper motor 
rated up to 6 Amps max 
Provides speed and direc- ^ n 

tion control. Operates in stand-: dide or r PC- 
controlled mode. Up to six 3179 driver boards 
can be connected to a single parallel port. 
Supply: 9V ОС. PCB: 80х50тт. 

Kit Order Code: 3179КТ - £9.95 

Assembled Order Code: AS3179 - £16.95 





PC Controlled Dual Stepper Motor Driver 
Independently control 
two unipolar stepper 
motors (each rated up to 

| 3 Amps max.) using PC 

parallel port and soft- 
ware interface provided. Four digital inputs 
available for monitoring external switches and 
other inputs. Software provides three run 
modes and will half-step, single-step or man- 
ual-step motors. Complete unit neatly housed 
in an extended D-shell case. All components, 
case, documentation and software are sup- 
plied (stepper motors are NOT provided). 

Dimensions (mm): 55Wx70Lx15H. 

Kit Order Code: 3113KT - £15.95 

Assembled Order Code: AS3113 - £24.95 








NEW! Bi-Polar Stepper Motor Driver 
Drive any bi-polar stepper әш Т 
motor using externally sup- |57 
plied SV levels for stepping f 
and direction control. These |2 
usually come from software 
running on a computer. 
Supply: 8-30V DC. PCB: 75x85mm. 

Kit Order Code: 3158KT - £12.95 
Assembled Order Code: AS3158 - £26.95 


Most items are available in kit form (KT suffix) 
or assembled and ready for use (AS prefix). 









CREDIT CARD 
SALES 


4 


Controllers & Loggers 


Неге are just a few of the controller and 
data acquisition and control units we have. 
See website for full details. Suitable PSU 
for all units: Order Code PSU445 £8.95 


Rolling Code 4-Channel UHF Remote 
State-of-the-Art. High security. 


4 channels. Momentary or 

latching relay output. Range 

up to 40m. Up to 15 Tx's can 

be learnt by one Rx (kit in- 

cludes one Tx but more avail- 

able separately). 4 indicator LED 5. Rx: РСВ 
77x85mm, 12VDC/6mA (standby). Two and 
Ten channel versions also available. 

Kit Order Code: 3180KT - £41.95 
Assembled Order Code; AS3180 - £49,95 





Computer Temperature Data Logger 
4-channel temperature log- 
ger for serial port. “С or °F. 

7: Continuously logs up to 4 
separate sensors located 

a 200т% from board. Wide 

ange of free software appli- 
cations for storing/using data. PCB just 
38х38тт. Powered by PC. Includes one 

051820 sensor and four header cables. 

Kit Order Code: 3145КТ - £19.95 

Assembled Order Code: AS3145 - £26.95 

Additional DS1820 Sensors - £3.96 each 






NEW! DTMF Telephone Relay Switcher 
Call your phone number 

using а DTMF phone from | 

anywhere іп the world and fi 

remotely turn on/off any of 

the 4 relays as desired. 

User settable Security Password, Anti- 
Tamper, Rings to Answer, Auto Hang-up and 
Lockout. Includes plastic case. 
130x110x30mm. Power: 12VDC. 

Kit Order Code: 3140KT - £39.95 
Assembled Order Code: AS3140 - £49.95 


Serial Isolated 1/0 Module 
PC controlled 8-Relay 
Board. 115/250V relay 
outputs and 4 isolated 
digital inputs. Useful in 
а variety of control and 
: ‘sensing applications. 
Uses PC serial port for programming (using 
our new Windows interface or batch files). 
‘Once programmed unit can operate without 
PC. Includes plastic case 130x100x30mm. 
Power Supply: 12У0С/500тА. 
Kit Order Code: 3108KT - £54.95 
Assembled Order Code: AS3108 - £64.95 





717 7168 


























































Infrared RC Relay Board 
Individually control 12 on- 
board relays with included 
infrared remote control unit. 
Toggle or momentary. 15m+ 
range. 112x122mm. Supply: 12VDC/0.5A 
Kit Order Code: 3142KT - £41.95 
Assembled Order Code: 453142 - £61.95 


PIC & ATMEL Programmers 


We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site. 


Programmer Accessories: 

40-pin Wide ZIF socket (ZIFA0W) £15.00 
18V DC Power supply (PSU010) £19.95 
Leads: Parallel (LEAD 108) £4.95 / Serial 
(LEAD76) £4.95 / USB (LEADUAB) £2.95 


NEW! USB 'All-Flash' PIC Programmer 
USB PIC programmer for all 

‘Flash’ devices. No external 

power supply making it truly 

portable. Supplied with box and 

Windows Software. ZIF Socket 

and USB Plug A-B lead not incl. 

Kit Order Code: 3128KT - £29.95 
Assembled Order Code: AS3128 - £39.95 


Enhanced "PICALL" ISP PIC Programmer 
Will program virtually ALL 8 
to 40 pin PICs plus a range 
of ATMEL AVR, SCENIX 
SX and EEPROM 24C de- 
vices. Also supports In Sys- 

tem Programming (ISP) for PIC and ATMEL 

AVRs. Free software. Blank chip auto detect 

for super fast bulk programming. Requires a 

40-pin wide ZIF socket (not included). 

Available in assembled format only. 

Assembled Order Code: AS3144 - £64.95 


ATMEL 89xxxx Programmer 
Uses serial рой апа апу 4 

standard terminal comms 

program. 4 LED's display 

the status. ZIF sockets T 

not included. Supply: 16-18VDC. 

Kit Order Code: 3123KT - £29.95 
Assembled Order Code: AS3123 - £34.95 


NEWI USB & Serial Port PIC Programmer 
USB/Serial connection. Header 
cable for ICSP. Free Windows 
ж software. See website for PICs 
П supported. ZIF Socket/USB Plug 

"ee А-В lead extra. Supply: 18VDC. 
Kit Order Code: 3149KT - £29.95 
Assembled Order Code: AS3149 - £44.95 










www.quasarelectronics.com 


Secure Online Ordering Facilities 


Full Product Listing, Descriptions & Photos 


Kit Documentation & Software Downloads 
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PicoScope 3000 Series 
PC Oscilloscopes 


The PicoScope 3000 series oscilloscopes are the latest 
offerings from the market leaden in PC oscilloscopes 
combining high bandwidths with large record memories. 
Using the latest advances in low power electronics, the 
oscilloscopes draw thein power from the USB port of any 
modern PC, eliminating the need for mains power, 


+ High performance: 10GS/s samplingrate || 
8 200MHz bandwidt! 
* IMB buffer memory 
ydi! rigger modes 
+ Compact & portable 
* Supplied with PicoScope (oscilloscope/spectrum 


analyser) & PicoLog (data acquisition) software. 


hnology Limited 


Tel: 01480 396395 - 
ол кеҳе, 


www.picotech.com/scope190 


TEKTRONIX |н». олсо; Dual Trace 12 MHz TV Coupling Only 


| xenwooo s t 
24454 €» tee оказ : Famell (n Sine/Sq Oscilloscope 


тон ті 
[rona ти 
катода лано OSCILLOSCOPES 
Sas | xenon eh ica АЕ m Um 
НИ ЕН» n | (Еле : 


Special Offers | | [Farnell оту 12-14 Oscilloscope Spectrum Analysers 


Pi са ы. er Oscilloscopes Availabl 
om 5 ы танан 


| MUNTRON TRACKER м 





млнсом өз A 
нь. 


НР. 2А 
D. шагом зиз 
ch Мини з Берин He. на 
нь сох 
нь мэн 


STEWART of READING | 


17A, KING STREET, MORTIMER, NR READING RG7 385 m Used Equipment 

















Tel: 01189331111, fax: 01189332375 
www.stewart-of-reading.co.uk =т=: 
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E-ONLINE 


BOGUS 
ELECTRONIC 
PARTS 


Harry Baggen 


The forgery of 
expensive brand-name 
products is an easy 
way to make some 
money quickly. Lots of 
products, anything 
from Fshirts to watches 
that strongly resemble 
the original are 
offered for sale, 
particularly in Asia, for 
ridiculously low prices. 
In recent years, even 
electronic components are being copied. From the outside 
they are indistinguishable from the original, but on the inside 
they are pure fake. This can have nasty consequences when 
you solder one in your circuit! 
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Forgery of brandivameproducis has bean saipharome: 
non for a long time. Everyone will have heard the holi- 
day stories Where you con buy d real Rolex on the 
beach for (8815 pouridsl It foo good to be rue... 

But it is not only with clothing, handbags and watches 
that shady factories and slippery individuals їгу to make 
easy money at the expense of someone else's reputable 
name. These days, counterfeiters go much further. Every- 
thing that can earn money is a potential target for the for- 
gery industry. 


А very serious problem in the area of copied parts із 
fake parts for aircraft, so-called bogus parts. Aircraft 
parts have to comply with very stringent quality demands 
and are quite expensive as a consequence. A very айгас- 
tive market for forgers, who will refurbish old parts or will 
attach other brand names to cheap parts in order to sell 
them on for a lot of money. But such fake parts can cause 
serious problems if they are used in or on an aeroplane. 
Experts have attributed several accidents in recent years 
to such ‘bogus parts’. 

The counterfeit parts turn up in all sorts of areas: clothing, 
watches, bank notes, pharmaceuticals, foods, toys, sun- 
glasses, automotive parts, computer software and elec- 
tronic components. 


This problem is not just something that started in recent 
years, but has existed at least since the seventies. In 
1981 a scandal was uncovered where millions of fake 
contraceptive pills were distributed, with all the conse- 
quences resulting from that. Now you can only smile 
about these things. Much more serious are fake aorta 
pumps for open-heart surgery, your life is then really 
hanging by a thread! 


Even the space organisation NASA can't avoid the prob- 
lem. They started legal proceedings last year against а 
company for supplying fake connectors. 

In the electronics area you may remember the issue with 
fake capacitors on PC motherboards, a few years ago 
[1]. Even motherboards from reputable brands were fit- 
ted with electrolytic capacitors of very poor quality (but 
with the label of a well known manufacturer) that gave 
up the ghost after a very short time by exploding or by 
leaking the corrosive internal fluid all over the PCB. 
Recently there was a problem with fake batteries for 
GSM mobile phones, which reportedly had a risk of 
exploding. This did not only involve batteries from 
unknown brands, but also fake batteries on which the 
labelling would indicate that they came from the ‘official’ 
manufacturers. 


Experts suspect that most of these counterfeit parts origi- 
nate in Asia, or China in particular. The damage caused 
by this is estimated fo be several billion pounds (just for 
the electronic components). Because of the strongly grow- 
ing industry and the increase of chip manufacturing facili- 
ties in China this is likely to increase significantly in the 
future. A good overview of recent counterfeit products can 
be found on the website for Designchain Associates [2]. 
There are a number of organisations worldwide that 
occupy themselves with fighting the ‘counterfeit terror’, 
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such as ће IACC (International AntiCounterfeiting 
Coalition) [3]. 


H 
Serious problem 

With elecironic components it is not so easy to check if a 
part meets the specifications of the manufacturer. You 
could perhaps run a few logic tests on a digital IC, but it 
is much harder with an analogue component. It is a big 
problem for manufacturers of equipment to determine in 
time (that is, before assembly) if all parts originate from a 
trusted supplier. 


Most semiconductor manufacturers have recognised how 
serious this threat is for them and will warn their cus- 
tomers as much as is possible when counterfeit compo- 
nents have surfaced somewhere. These are often accom- 
panied by detailed descriptions so users can determine 
the differences between authentic and fake for them- 
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selves. Various famous brands such as NEC, LG, Hynix, 
Agilent, Vishay, Altera, Atmel, Hitachi, Motorola and 
Toshiba have already had to deal with counterfeit copies 
of their products. 


Quality 


The quality of fake parts appears to vary enormously. 
There are (often passive) components that are so well 
made that it is very hard to tell that they are not from the 
original manufacturer. But in most cases the quality is sig- 
nificantly lower. Power transistors are a favourite subject 
for forgers. Here the packages are carefully copied, so 
that they look as ТА as possible as the original, but on 
the inside is a chip with much poorer characteristics. Usu- 
ally the chip is also much smaller (i.e., cheaper!) than the 
original, so that the transistor will fail іп а very short time. 
Several examples are already known from Toshiba and 
Motorola. 
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But it can be even worse. In one case, a company 
bought a batch of ICs (11040) that were desperately 
required, for a considerable amount of money because 
they were scarce on the semiconductor market. After 
inspection it was realised that there were no chips inside 
the packages! 

Another phenomenon that has appeared in recent years, 
is offering microcontrollers with OTP memory. These can 
be programmed only once (One Time Programmable). 
Already programmed parts are sold as new and the new 
owner is then stuck with а batch of useless parts! 


The moral of the story: Be alert! 
There is no single way to provide 100% protection from 
fake parts. Semiconductor manufacturers recommend 
their customers to obtain their components only from the 
official distributors or trusted suppliers, but it has already 
transpired that even these channels can be corrupted 
with forgeries. 


It is, in any case, a good start to buy from known suppli- 

ers and to check on the manufacturer's website if there 

are warnings for specific parts. 

A number of companies have put together lists of fake 
components [9], with short descriptions of visible discrep- 

oncies with respect to the Бұд pore, A glance at such 

alist is also recommended. In addition there is a special 
website for fake power semiconductors [10]. Everyone 

who builds or services audio amplifiers should certainly | 
pay a visit there. 


And finally the simplest advice: caveat emptor, be on 
your guard for deals that just look too good to be true. 
After all, you get nothing for nothing! 

Readers with experience of fake parts are invited to con- 
tact the editor, because we are keen to find out how big 
this problem is in Europe. We can then also warn our 
other readers! 





Internet addresses 


[1] Leaking capacitors muck up motherboards: 


yaww-spectrum:ieee.org/WEBONLY/resource/feh03/ncap.himl#f1 
[2] Designchain Associates: 


www.designchainassociates.com/counterfeit. html 


[3] IACC wonw.iace.org 
[4] Maxim: htip://pdfsery.maxim-ic.com/arpdi/alert l- pdf. 
[4] Kamaka: Counterfeit parts listing 
ww kamaka.de/deutsch/se 
[5] ESP: Counterfeit semiconductors: 


htip://soun 
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Forest Electronics – PIC and AVR ANSI С Compiler Products 


FED's ANSI С Compiler for PIC or AVR processors 


» Fully integrated editor with syntax highlighting, multiple pages etc. 

» Full project support - include and manage multiple source files, simulator, 
assembler files and notes/comments within one project 

Fully integrated simulator and waveform analyser step from C line to C line, 
or examine code in assembler form. View device pins using a logic analyser 
application. 

» Simulator supports LCD modules, keypad, buttons, LED's, displays, 
analogue inputs, serial and asynchronous data. 

* Designed to ANSI C standards 

e PIC - Supports 18ххх, 16xxx, 12xxx series 14 and 16 bit core processors 

+ AVR - Supports standard and MEGA core processors 

+ Generates MPLAB/AVR Studio projects and source files and completely 
standard hex output files. 
Prices from £45.00 — www.fored.co.uk for full details. 


WIZ-C / AVIDICY 
Drag and Drop rapid application development 
using ANSI C for PIC and AVR 


* Rapid Application Development for the PIC or AVR microcontroller using the 
C language (WIZ- C for the PIC, AVIDICY for the AVR) 

» Drag and drop your software component selections on to your design 

* Included components support timers, serial interfaces, I2C, LCD, 7 Seg 
displays, keypads, switches, port controls, many bus interfaces including ІС 
and Dallas iButton, AVR/PIC Hardware, and more. 

* Connect software components to MCU pins by point & click 

* Parameters set from drop down list boxes, check boxes, or text entry 

* Links your code automatically into library events (e.g. Button Pressed, Byte 
Received etc.) 


АХ Forest Electronic Developments 
12 Buldowne Walk, Sway 

LYMINGTON, Hampshire, 5041 600. 

01590-681511 (Voice/Fax) 


www.fored.co.uk 
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• Automatically generates your base application including full 
initialisation, interrupt handling and main program loop 

* The complete C Compiler and AVR Simulator programs are 
integrated into AVIDICY - total editing / compilation / 
assembly / simulation support in one program 

* Also includes the Element Editor to enable you to create 
your own components with ease. 

* Demonstration available from our web site 


Prices from £50.00 - full details from www.fored.co.uk 


(5552-0241 
т” SD 


Етай- 
“info@fored.co.uk" 





ts flow charts into 


„equals extremely rapid system 
development: like this mobile text messaging 
system built from E-blocks. 





Equipment for datalogging, 
control and PC ‘scopes 


0870 700 1831. 


1:0870 700 1832 
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Топ Giesberts 


А pulse-width-modulated output stage with 


hi-fi characteristics is something rather 











special. We already described vari- 
ous aspects of this design in the 
June 2004 issue. Following 
that introduction, in this 
instalment we continue 
with a description 
of how to build 
this power- 
house. 
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‘Amplifier 


The pulse-width modulated amplifier 
we're talking about here is based оп 
the Tripath TA3020 driver IC. The term 
‘pulse-width modulated’ may call up 
negative associations, but they are 
fully out of place here. The specifica- 
tions are outstanding, and the ampli- 
fier is certainly as good as quite a few 
models in the upper end of the com- 
mercial range. 
‘To make construction as easy as possi- 
ble for Elektor Electronics readers, we 
can supply the printed circuit board for 
this project with all of the SMD compo- 
nents already nicely soldered in place, 
all at a very attractive price. And don't 
forget that a single circuit board houses 
a complete 2 х 300-W stereo amplifier. 


Special components 


Before you start enthusiastically buy- 
ing components, we'd like to empha- 
sise that you can't simply conjure up a 
dual 300-watt amplifier from of a box of 
standard parts. When this amount of 
power is involved, even the power 
supply must meet special require- 
ments. On top of that, we're dealing 
with a switch-mode amplifier here. 
That makes the circuit board layout 
and the quality of the components 
especially important. To avoid poten- 
tial problems, you need to know the 
requirements imposed on the various 
components before you start building 
the circuit board for this final amp. 

Most of the components can be 
obtained from Farnell as stock items, 
and several merchants including C-I 
Electronics and Geist Electronics will 
be offering complete parts kits for this 
amplifier. It's essential for some of the 
components to be SMD types, due to 
the characteristics of SMDs and the 
short signal paths that can be 
obtained with them. However, this 
doesn't mean that soldering has to be 
a problem, since all of the SMDs are 
already fitted to the board. The ferrite 
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Part 2: building the 
amplitier board 


cores for the inductors are also 
included with the printed circuit board 
(two per board). Winding the inductors 
with 1.5-mm enamelled copper does 
require a pair of sturdy fingers, but we 
have more to say about that later on. 


Decoupling 


Тһе issue that requires the most atten- 
tion with this amplifier is the interfer- 
ence that can be generated by quickly 
switching large currents. The circuit 
board has therefore been designed 
such that tracks that carry large cur- 
tents have the least possible amount of 
coupling with the rest of the circuit. In 
addition, the supply voltages are 
always decoupled locally, in order to 
keep the loops in subcircuits conduct- 
ing large currents as small as possible. 
In particular, this decoupling is pro- 
vided by C5, C18, C32, C33, C36 and 
C37 for the output transistors. We 
selected 250-V MKT types for these 
decoupling capacitors, since they can 
better withstand extremely high 
switching currents. 

Capacitors C6 and C19 also deserve 
special attention. For these two elec- 
trolytics, it is extremely important to 
have the lowest possible self-induc- 
tance and effective series resistance, 
as well as a good thermal rating. 

The snubber networks (C4/R12 and 
C17/R33) help remove HF overshoots. 
To save space, R12 and R33 are 
mounted vertically. When fitting them, 
keep the loop as small as possible in 
order to keep their parasitic self-induc- 
tance as low as possible. As 1-W resis- 
tors are used here, you must allow for 
a somewhat larger diameter than 
usual (see Figure 1). For the capaci- 
tors (C4 and C17), we have selected 
200-V ceramic types. This is because 
the maximum voltage across these 
capacitors can be nearly the full sup- 
ply voltage (approximately 110 V 
between the positive and negative 


tails), or even more with any over- 
shoots that may be present. 


Suppressing 
inductive spikes 


Due to the physical dimensions of the 
components, parasitic self-inductance 
and overshoots will always be present. 
The consequences of this, particularly 
the inductive spikes (back-emf) from 
the inductors in the output filters, can 
be partially suppressed by using Schot- 
Жу diodes and ultra-fast-recovery 
diodes as clamping diodes. This job is 
performed by D3, D4, D6, D7, 010, 011, 
D13 and D14. Diodes іп DO-15 pack- 
ages (MUR120) are fitted to the circuit 
board for D3, D4, 010 and 011. Diodes 
D6, 07, D13 and D14, which are SMD 
components in DO-214AA packages 
(MURS120T3), are fitted on the solder 
side underneath the IC (Figure 2). Both 
types of diodes are rated at 1 А / 200 V, 
with a recovery time of only 25 ns. 


MOSFET drive circuits 


In the printed circuit board layout, spe- 
cial attention has also been given to 
possible loops in the paths between 
the driver outputs of the IC and the 
gates of the MOSFETs. These loops 
must be kept as small as possible. The 
loop in the drive circuit for the upper 
MOSFET of each channel consists of 
the HO driver, the gate resistor, the 
gate-source capacitance and the driver 
return connection (HO1COM ог 
НО2СОМ). For the lower MOSFET, the 
loop consists of the LO driver, the gate 
resistor, the gate-source capacitance 
and the driver ground connection 
(LO1COM or LO2COM). 

The overshoots arising from switching 
the MOSFETs are limited by the resis- 
tors incorporated in the gate circuits. 
This unavoidably leads to a compro- 
mise between the delays for switching 
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Components 
list 


Pre-fitied SMD paris not listed. If necessary the list of pre- 
fitted parts may be downloaded from our website, 
Suggested suppliers are mentioned with unusual 
‘components only. These suppliers ore nol exclusive. 


Resistors: 

R6,R11,R27,R32 = 0201, lead pitch 
тт, МРС75Е01 (H.O.D! , Burklin2) 

R7,R9,R28,R30 = 506/1 W lead pitch 
15mm (max.), PRO] BCComponents 


off one MOSFET and switching on the 
other one. For this amplifier, limiting 
resistors with a value of 5.6 О are тес- 
ommended. This also allows part of 
the power that would otherwise be 
dissipated in the driver transistors to 
be dissipated in the resistors. 
Another compromise is naturally the 
maximum power rating of the amplifier 
and the resulting MOSFET selection. 
Unfortunately, maximum drain current 
goes hand in hand with high gate- 
source capacitance (Ci, = 3800 pF 
max.). The parasitic self-inductance of 
the gate is also a factor; the lower it is, 
the faster the gate charge can be built 
up or removed. 

To accelerate MOSFET switch-off, 
diodes are placed in parallel with the 
gate resistors. These are also ultra- 
fast-recovery diodes in ‘normal’ pack- 
ages (MUR120). Thanks to their rela- 
tively large dimensions, they can eas- 
ily bridge several broad tracks on the 
printed circuit board. A disadvantage 
of using these diodes is that the power 
dissipation in the drivers increases. 
Due to their power dissipation, the 
gate resistors are 1-watt types. We 
have selected the very compact PR-01 
series from BCComponents. Due to the 
construction of these metallic-film 
resistors (helical groove), they unavoid- 
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[Farnell # 337-584, 10+) 

812,833 = 150 1W, PRO], 
BCComponents (Farnell # 337-638, 
10+) 

R13,R34 = 2400 

814,835 = 220 5W [vertical)) 

P1,P2 = ТОКО preset 


Capacitors: 

C1,C14 = ЗиЕЗ SOV, MKT, lead pitch 
5тт ог 7.5 mm 

С4,С17 = 220pF 200 V, COG, lead 
pitch 5 mm, dipped radial multilayer 
ceramic, Multicomp (Farnell 8 747- 


075, 1+) 
C5,C18,C32,C33,C36,C37 = 100nF 


zar 525 


зг| ӨӨС) 
Т 
С 
[| O 
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250V, lead pitch 7.5mm or 10mm, w х! 
= 6 х 13 mm (пах), Wima МК54 
(Fornell # 148-888, 1+) 

C6,C19 = 47uF 160V radial, lead pitch 
5mm, diameter 10mm (max.), 105°C, 
Ponasonic EEUED2C470 (Farnell # 83- 
6400, 1+) 

C8,C21,C38 = 47uF 25V radial 

C9,C22 = 220nF 400У МКР, lead pitch 
15mm, w x |= 8.5 х 18 mm (mox.), 
Epcos B32652-A4224.] (Farnell 8 400- 
3755, 1+) 

С10,С23 = 100nF 400V MKP, lead pitch 
15mm, wx | = 7 x 18 mm (тох), Epcos 
832652.A4104) (Farell # 4003731, 15) 

C30,C31,C34,C35 = 470uF 63V radial, 


Figure 1. Component layout (top side of the amplifier board) 
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lead pitch 5mm, diameter 13 mm 
(пох.), 105°C, Nichicon 
ОРМ11471МНН (Farnell # 415-3030, 5+) 


Inductors: 

1142 = 1 1uH3, 29 turns 1.5 mm ECW 
(SWG 16) on T106-2 core (Micrometals) 
[core supplied with pre-fited PCB) 


Semiconductors: 

D1-D4,D8-D11 = MUR120 1 A/200 V 
lira fast, ON Semiconductor (Farnell 8 
930.994, 1+) 

015 = LED, red, high efficiency 

TI-T4 = STW38NB20, ТО-247 cose, 
200 V/38 A, ST (Farnell 8 323- 


9408, 1+) 
ІСІ = 13020, Tripath? 
IC2 = CNY172 





Miscellaneous: 

JP1JP2 = 3:way pinheader with jumper 

К1-К4,К6К9 = spade terminal, vertical, 
PCB mount 

K5 = 2-way PCB terminal block, lead pitch 


mm 

K10 = 2:way pinheader 

48-pin IC socket, DIP socket with turned 
pins 0.6" (15.24 mm) row spacing 
(Farnell # 4168653, 1+) 

4 ceramic washers АОЅ22051, Fischer, 
14 х 18 mm, 4.5 mm thick (Huijzer- 


5% 


RuD 
9d 33 89 





Figure 2. Bottom side of the amplifier board. The SMDs are pre-fitted. 


ably have significant parasitic self- 
induction, but the impedance of this 
resistor type is still relatively constant 
up to 10 MHz. A good alternative 
would be carbon compound resistors, 
which have much lower self-induc- 
tance due to their construction. Suffi- 
cient room is provided on the circuit 
board for the latter type. 
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Power supply and 
ground 


The main supply voltage is connected 
to the circuit board using flat (car-type) 
terminals. This allows very large cur- 
rents to flow and makes it easy to con- 
nect the board to the power supply. 
Special electrolytic capacitors are fitted 








Avero“) 

Heatsink 0.6 K/W, 160 x 150 mm, 
Marston 9385Р01500А200 (Farnell # 
526-794, 1+) 

PCB, order code 030217-91. Comes 
with all SMD parts prefitted and cores 
for L1, 12 supplied. 


1. www.hod-electronics.nl 
2. wnw.buerklin.de 

3. sales@profusionple.com 
4, www.huijzer.com/. 


across the power supply terminals to 
decouple the worst RF current spikes. 
We have done our best to implement 
these connections as star points, but 
we had to spread them out a bit to 
keep the distance between the IC and 
the MOSFET leads reasonably short. 
For decoupling capacitors C30, C31, 
C34 and C35, we selected a Nichicon 
family that combines a very good 
capacity/size ratio with low series 
resistance and low self-inductance. 
The optimum choice from this family is 
the 470-ШЕ type with a working volt- 
age of 63 V. In our case, this deter- 
mines the maximum allowable supply 
voltage for the final amp. 

From the star point, a track runs to the 
inductor (L3) that isolates the analogue 
and digital grounds of the IC. This 
inductor comes in an SMD package 
(1812A) and is located on the solder 
side under the IC (Figure 2). It is a 
member of the Epcos SIMID family and 
has a value of 10 uH, with a series 
resistance of less than 1 О and a cur- 
rent rating of more than 300 mA. 

The ground connections for the loud- 
speaker outputs are also tapped off 
from the star point, so the currents 
from the loudspeakers are conducted 
back to the main power supply as 
directly as possible. This avoids inter- 





Pre-fitted circuit board 


Due to the special nature of this 
amplifier (particularly the high switch- 
ing frequencies), the choice of compo- 
nents is especially important and the 
use of SMDs in various locations із 
unavoidable. 


Most amplifier builders have litle or 
no experience with soldering these 


miniature components, and for this 
reason we provide this circuit board 
with all of the SMDs already fitted. All 
you have to do is to fit the IC and the 
‘normal’ componenis. In addition, iwo 
cores for the output inductors are pro- 


vided with the board, since they are 


made from a rather special material. 


The price of the circuit board and 
inductors is only £34.50 / $55.70 
/ €49. This is a two-channel design, 
so you only need one circuit board for 
a stereo amplifier. 





Figure 3. For the output inductors, several turns must be placed on top of other ones. The output transistors are fitted to the heat 
sink below the circuit board using special insulators 


ference to other parts of the amplifier. 
The ground planes on the circuit board 
are exclusively intended to provide 
protection against interference. They 
are only connected to the AGND pin for 
the analogue power supply (pin 28). 
This means that no other connections 
to the amplifier are tapped off from the 
ground planes. 

A star point is also used for the con- 
nections between the analogue +5-V 
supply and the various components, 
including the trimpots, jumpers and 
resistor bridges for the modulator set- 
tings. This can be seen on the compo- 
nent side of the layout in Figure 1. 


Construction 


Despite all the attention given to the 
layout, the level of interference gener- 
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ated by the output stage is rather high. 
This means that additional measures 
must be taken to minimise the nega- 
tive effects on the analogue portion. 
This is done by keeping the surface 
area needed to fit the passive compo- 
nents as small as possible. The only 
way to achieve this is to implement 
practically everything using SMD com- 
ponents, and to place them as close 
together as possible underneath and 
beside the IC on the solder side of the 
board (see Figure 2). 

The only components that depart from 
this rule are the two trimpots for DC 
offset adjustment and the input capac- 
itors. Any interference picked up by 
the trimpots is filtered out by C3 and 
C16. Interference picked up by Ci and 
C14 is filtered out by C2 and C15. Some 
of the SMDs must have a voltage rat- 


ing greater than 50 V, due to their loca- 
tion in the circuit. This applies to R15, 
R16, R36, R37 and R51. SMD compo- 
nents are also used for R8, R10, R29, 
R31 and several decoupling capacitors, 
since this gives better functional 
results and takes up less space. 

For readers who wish to take a sol- 
dering iron to the SMDs, despite the 
fact that the board is provided with 
the SMDs already fitted (for example, 
to change the input sensitivity or 
modify the board for a lower supply 
voltage), the solder lands are 
designed to allow either 0805 or 0603 
packages to be used for all SMD 
capacitors and resistors. They are 
thus somewhat larger than the stan- 
dard size for reflow or wave solder- 
ing. You can thus touch a soldering 
iron with a very fine tip on the solder 
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Kelvin connections 


Kelvin connections (which are also 
called four-point measurements, 
depending on the application) are 
used at three locations in the ampli- 
fier to eliminate the effects of con- 
tact resistance and parasitic self- 
inductance. 


А Kelvin connection is a connection to 
the terminals of a specific component 
for accurately measuring the voltage 
across the component without using 
extra taps. Here such connections are 
used for the voltages across the sense 
resistors for overcurrent detection, the 
feedback from the loudspeaker termi- 


nals and the input ground. 


lands while soldering, which consider- 
ably simplifies soldering SMDs. 

For the capacitors in the output filters, 
we have chosen 400-V polypropylene 
types that are especially suitable for 
applications with extreme pulse load- 
ing. Here we also use a compact ver- 
sion. These capacitors have a pitch of 
‘only’ 15 mm, which results in a low 
value of parasitic self-inductance here 
as well. There is enough room here for 
somewhat wider components if you 
wish to use a different type (such as 
polyester or capacitors from a different 
manufacturer). 


Coil winding 


Winding the output inductors is not 
difficult, but you must pay careful 
attention to the winding method. With 
the selected wire diameter of 1.5 mm 
(16 SWG), the 29 turns will not fit on 
the selected core in a single layer. To 
keep the internal capacitance as small 
as possible, the coil is wound progres- 
sively in approximately seven sections. 
This means that after the first three 
turns are wound, the fourth turn is 
placed on top of the third turn, and the 
fifth turn is then wound directly on the 
core next to the third turn. It is fol- 
lowed by turns six and seven, with 
turn eight again being placed on top of 
turn seven, turn nine again next to 
turn seven, and so on (see Figure 3). 


The relatively thick wire doesn't make 
the job any easier. Depending on how 
neatly and tightly you manage to wind 
the coil, you may well have to place a 
few more turns on top of other ones. 
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For current detection, it should be evi- 
dent that four-point measurement is 
necessary, since the resistance of the 
sense resistor is only 10 mQ. Тһе 
overcurrent sense leads are tapped off 
directly from the resistor leads. The 
resistors are upright models in ceramic 
packages (МРС75 from Fukushima 
Futaba Electric Co. Lid.), and they 
have practically zero self-inductance. 
If you cannot obtain these resistors, 
you will have to look for other low- 
inductance resistors with the same 
form. Resistors with axial leads are 
truly unsuitable, since fitting them ver- 
tically is by itself enough to produce 
too much self-inductance. 


ІС and 
output transistors 


Most people will probably be reluctant 
to solder the IC to the circuit board, so 
we searched for a 48-pin IC socket 
with very high quality. We finally 
decided on a type having turned con- 
tacts with 30-micron gold plating and 
rated at 3 A. Here we can't be satisfied 
with anything less. 

А very important detail in fitting the 
output transistors is the material for the 
electrical insulators. As these transis- 
tors have a metal cooling surface that 
is electrically connected to the drain 
(T2 and T4), the capacitance to the heat 
sink (which is connected to ground) 
would be too large if they were fitted 
using standard insulators made from 
mica, silicone rubber, silicone foam or 
even fancy stuff like Kapton. We tried 
this, and at maximum output power 
there were large parasitic currents that 
could not be suppressed. 

There is only one good solution to this 
problem, which is to use ceramic 
(A1504) insulators that are several mil- 
limetres thick. The insulator we use 
here is the Fischer type AOS220SL, 
which is 4.5 mm thick and is actually 
intended to be used with a 10-220 
package, instead of the larger TO-247 
package. Despite being a bit too small, 
the insulator fully covers the metal 
cooling surface of the transistor. It also 
keeps the parasitic capacitance 
extremely small. 

For the heat sink, we found a type with 
а surface large enough to mount the 
circuit board parallel to the surface. 
The selected type (from Marston) is 


Each pair of signal leads is routed 
close together to the pins of the IC. 
The same is true of the feedback from 
the loudspeaker terminals (to the cor- 
responding resistors). For the input 
ground, using a Kelvin connection 
means that all ground connections are 
individually routed to the common 
ground pin of the IC (the ‘OV’ terminal 
for the analogue +5-V supply). This 
can be clearly seen on the solder side 
of the amplifier circuit board. Quite a 
few circuit board tracks join together 
here, with the result that this junction is 
necessarily somewhat broadened. 


160 mm wide and 150 mm deep, and it 
even provides a bit of clearance at the 
edges. Eight holes tapped for 3-mm 
screws can be drilled in the base, 
which is 10 mm thick, for fastening the 
circuit board and the four output tran- 
sistors. We recommend that you first 
centre the board on the heat sink and 
mark the four corner holes. Next, bend 
the leads of the output transistors 
exactly where they become thinner, 
slide them in place and mark the posi- 
tions of the four fastening holes for the 
transistors. 


Cylindrical standoffs (metal types with 
a threaded end) with a length of 
approximately 10 mm should be used 
to attach the circuit board to the heat 
sink. The threaded end will probably 
be too long to be fully screwed into the 
heat sink. This can be solved by first 
fitting a nut and lock washer on the 
threaded end. This causes the mount- 
ing height of the circuit board to be 
just right, and the leads of the output 
transistors will pass through the 
matching holes in the circuit board 
with length to spare. 


Coming up 

All that's left now is the power supply 
and the wiring diagram. We'll deal with 
them in next month's issue, when we'll 
also present some measured results for 
the fully assembled amplifier. 

Items such as input and output filters 
and EMC problems will be handled ina 
separate article, which will also 
appear next month. 
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LINKS 


To book your website space contact Bernard Hubbard 


Tel 00 44 (0)1242 510760 


ALLGOOD TECHNOLOGY 
www.allgoodtechnology.com 

Low-medium volume sub-contract assembly. 
SMT specialist since 1990. Customers include 
military, aerospace etc. 0402 to BGA capabilities, 
automatic assembly and hand built prototypes. 


BETA LAYOUT 

WwWw.pcb-pool.com 

Beta layout Ltd Award- 

winning site in both. 

English and German 

offers prototype 

PCBs at a fraction of the cost of the usual 
manufacturers' prices. 


BURN TECHNOLOGY LTD 
http://www.burntec.com 

Test & Measurement Equipment 
Distributors 

e Anemometers • Clamp Meters. 

• Light Meters • LCR Meters 

* Sound Meters « Multimeters 

* Device Programmers 

Burn Technology Limited, Winfrith Technology 
Centre, Dorchester, Dorset, DT2 8DH 

Tel: (01305) 852090 Fax: (01305) 851940 


COMPUCUT 

http://vaww.compucutters.com 

Computer Numerical Control from your home PC. 
Great for tricky jobs, and accurate repetitive 
work. We supply: - Software - Interface - Manual 
- Support 

Price £250 plus postage. 


CONFORD ELECTRONICS 
hitp:/www.confordelec.co.uk 

Lightweight portable battery/mains audio units 
offering the highest technical performance. 
Microphone, Phantom Power and Headphone 
Amplifiers. Balanced/unbalanced signal lines with 
extensive RFI protection. 


DANBURY ELECTRONICS 
http://wwww.me-h.demon.co.uk/transformers.htm! 
Here you will find our mains and output 
transformers in Mike Holme's range of valve/tube 
amplifiers (PP & SE). Also circuits, parts lists, 
chassis, advice. 


DEBUG INNOVATIONS UK 
hittp:/Avww.debuginnovations.com 
Introducing hassle free prototyping 
* RF/ Analogue 

High speed digital 

Surface mount 

0.1" grid 

Power planes 

Unique patch 

architecture 
Forget custom PCBs, start your project now! 
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Fax: 0044 (0)1242 226626 | 





EASYSYNC 
http://www.easysync.co.uk 
EasySync Ltd sells a wide 
range of single and multi- 
port USB to RS232/RS422 
and RS485 converters at 
competitive prices. 


ELEXOL PTY LTD 
hitp://www.elexol.com 

Developer and 

manufacturer of 

* USB Development Modules. 

* USBMOD Series. 

* USBIO24 Digital Input/Output Module. 
• МРЗ Solutions. 

* MP3MOD4 Module. 

Distributor inquiries welcome. 


ELNEC 

www.elnec.com 

* device programmer 
manufacturer 
selling through ” 
contracted distributors all over the world 
universal and dedicated device programmers 
excellent support and after sale support 
free SW updates 
once a months new SW release 
reliable HW 
three years warranty for most programmers 


ERVAN INTERNATIONAL CO. 
http://www.ervan-int.com 

Power Electronics and Solar Energy Design and 
Consultants. Also offers; 

Discount prices of: 

% Ultra Bright LEDs 

PCB LED Cluster Kits 

Laser Pointers 

Solar Modules 

Batteries 


FOREST ELECTRONIC 
DEVELOPMENT 


hitp://wvnw.fored.co.uk 

FED supply PIC programmers, Basic modules, 
and development software including a PIC С 
Compiler, Prog ‘n Drop Visual Development and a 
well featured debugging environment. 


FUTURLEC 

http://www.futurlec.com. 

Save up to 60% оп 

* Electronic Components 

* Microcontrollers, PIC, Atmel 

* Development Boards, Programmers 

Huge range of products available on-line for 
immediate delivery, at very competitive prices. 





FUTURE TECHNOLOGY DEVICES 
http:/www.ftdichip.com 

FTDI designs and sells 

USB-UART and USB-FIFO 

interface i.c.'s. 

Complete with PC drivers, 

these devices simplify the task of designing or 
upgrading peripherals to USB 


HAMMOND ELECTRONICS 
hittp://vwew.hammondmfg.com, 
sales@hammond-electronics.co.uk 
tel: 01256 812812. 

Small die-cast, plastic and 

metal enclosures for the 

hobbyist and professional. 

Widely available from 

major distributors. 


IPEVA LIMITED 

Пйр://уулулреуа.сот 

IPEVA sell low cost USB FPGA 

development boards. ІРЕУА 

provide Design Consultancy 

for Embedded Systems, OpenCores-IP, FPGA, ASIC, 
HDL translation and migration. Tel. 0870 080 2340 


KOMCARD 

http://Awww,komcard.com 

Learn how to design a PCI card, and write a PCI 
device driver. We lead you step by step with 
practical PCI projects you build. 


LONDON ELECTRONICS COLLEGE 
http;//www.lec.org.uk 

Vocational training and education for national 
qualifications in Electronics Engineering and 
Information Technology (BTEC First National, 
Higher National NVQs, GCSEs and Advanced 
Qualifications). Also Technical Management and 
Languages. 


МОР ELECTRONICS 
http://www.mqpelectronics.co.uk 
Leaders in Device 
Programming Solutions. 
* Online shop I 
• Low Cost Adapters for all Ё 
Programmers - 
* Single Site and Gang Programmers 
* Support for virtually any Programmable Device 


NEW WAVE CONCEPTS 
http://www.new-wave-concepts.com 
Software for hobbyists: 
* Livewire circuit simulation 

software, only £29.36 
ж РСВ Wizard circuit design 

software, only £29.36 
Available from all Maplin Electronics stores and 
www.maplin.co.uk 


elektor electronics - 9/2004 














LINKS 


hittp:/Awaw.viewcom.f9.co.uk 
tel: 020 8471 9338 fax: 020 8552 0946 
* Май Order supplier of: 

* Integrated Circuits and Components. 

* Kit and parts for Elektor projects. 
Transistors, FETs, Capacitors, Resistors, 









PCB WORLD USB INSTRUMENTS 
hittp://www.pebworld.org.uk http://www.usb- 
World-class site: Your magazine project or instruments.com 
prototype PCB from the artwork of your USB Instruments 
choice for less. Call Lee on 07946 846159 for specialises in PC based 
details. Prompt service. instrumentation 
products and software 













PEAK ELECTRONIC such as Oscilloscopes, Crystals, etc and hard to find devices. 
DESIGN LIMITED 


www.peakelec.co.uk 
Cool component test 


Data Loggers, Logic Analaysers which Viewcom Electronics, 77 Upperton Road West, 
interface to your PC via USB. Plaistow, London E13 9LT 


PROMOTE YOUR 
WEBSITE HERE 


Elektor Electronics have a feature to help customers to promote their websites, Net Links - a 

permanent feature of the magazine where you will be able to highlight your site on a regular 

basis. 

* For just £120 + VAT (£10.90 per issue for eleven issues) Elektor will publish your company 
name, a 25-word description and your website address. 

* For £300 + VAT for the year (£27.27 per issue for eleven issues) we will publish the above 
plus run а 3cm deep full colour screen shot from your site. 

Places are limited and spaces will go on a strictly first come, first served basis, please fax back 

your order today! 





gear for your passives 

and semis. Instant 

identification, measurement and validation. 
Connect anyway round. The Peak Atlas family 
Starts from £59. 


QUASAR ELECTRONICS 
wwWw.Quasartlectronics.com 
Over 300 electronic kits, 
projects and ready built 
units for hobby, education (252 
and industrial applications |5 
including PIC/ATMEL. Lena 
programming solutions. 

Online ordering facilities. 

Tel: +44 (0) 870 246 1826 

44 (0) 870 460 1045 

Email: sales@QuasarElectronics.com 


ROBOT ELECTRONICS 
http://www.robot-electronics.co.uk 
* Ultrasonic rangefinders 7777 үр 
* Motor H-Bridge 

























I wish to promote my company, please book my space: 
* Text insertion only for #120 + УАТ * Text and photo for £300 + VAT 


NAME: ... „„ORGANISATION:.. 
















controllers = 
* Magnetic Compasses p= | 
* RC servos and controllers 
* PIC programmers and components 
* Electronic Design/Development and 
Manufacturer to industry 





„ТЕ; 
PLEASE COMPLETE COUPON BELOW AND FAX BACK ТО 00-44-(0)124: 
COMPANY NAME 
WEB ADDRESS. 
5-WORD DESCRIPTION... 





TECHNOBOTS 
http://www.technobots,co.uk 
Welcome to Technobots - 
the one stop shop 
specially for the remote 
operated robot builder, 
radio control and engineering hobbyist. 


TELNET 
http://www.telnet.uk.com. 
The site shows graphically 
Telnets wide range of 


quality second-user test ТЕГ МЕТІ 
and measurement 

equipment, including 

oscilloscopes and 

spectrum analysers. 

ULTRALEDS 

hittp://www.ultraleds.co.uk 

tel: 0871 7110413 

Large range of low cost Ultra bright leds and 
Led related lighting products. Major credit 
cards taken online with same day despatch. 





eas SEE re cal 

















ELECTRONIC ENTHUSIASTS 


Only one magazine tests its projects and circuits in its own lab before publication - 


ELEKTOR ELECTRONICS 


THE ELECTRONICS & COMPUTER MAGAZINE 









Contact: Worldwide Subscription Service Ltd, 
Unit 4 Gibbs Reed Farm, Pashley Road, Ticehurst 
ТМ5 7HE Telephone: (+44) (0) 1580 200657 
Fax: (+44) (0) 1580 200616 Or visit our Website: 

www.elektor-electronics.co.uk 
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тайрох 


Andy's Quest 

A new quiz has been launched 
on our website www.elektor-elec- 
tronics.co.uk in which you can 
test your knowledge of electron- 
ics theory. Participation is free 
and anonymous. 


Each round of Andy's Quest 
draws a random selection of five 


multiple choice questions from a 
base of about 400. Have fun! 


Railrouter project soft- 
ware Тһе author of the proj- 
ect, Mr. Ray King, kindly 
advised us that the ‘Serial OCX’ 
module he originally used in the 
Railrouter software was protect- 
ed by copyrights owned by 
Everyday Practical Electronics 
(EPE) magazine. A new version 
of the compiled Railrouter soft- 
ware, eliminating the dependen- 
cy on EPE's Serial OCX utility, is 
now available from the Free 
Downloads section of the Elektor 
Electronics website. We apolo- 
gize to ЕРЕ for having distrib- 
uted their copyrighted OCX 
module during the period 16 
through 28 June 2004. 


С for AVR Micros А num- 
ber of readers keep asking us 
about C compilers for Atmel 
AVR microcontrollers. We can 
recommend AVR-GCC for sta- 
bility and the fact that it's free! 
See www.avrfreaks.net 


Out of Step Dear Jan, | 
believe the photograph print- 
ed as the head of your article 
"First Steps’ in the May 2004 
issue shows the internals of a 
synchronous three-phase 
molor, not a stepper motor. 
The letters printed near the 
three solder pads in the cen- 















po temet ands auen 


ment n tie bt yor nent 


- 





tre provide clues to the molor 
having been iaken from a 
floppy disk drive. 

D. Jansen, The Netherlands 


Our apologies ond we make 
amends by printing these photos 
of a real stepper motor. 








Clarity Class-T Amp 

Dear people at Elektor, con- 
gratulations on the awesome 
class-T amplifier [ипе 2004). 
But where is the chip avail- 
able from in UK? 





| managed to locate the 
MOSFETs at 
www.farnell.co.uk, but a 
search of the TA3020 revealed 
nothing. Many thanks for a cut- 
ting edge publication. 

Gerard Galvin 


Fishing for chips Dear 
Editor, first let me congratu- 
late you on the new look 
magazine; it is a big 
improvement. | imagine your 
main readers are profession- 
al electronics engineers who 
have ready access to obscure 
chips direct from the suppli- 
ers. As an amateur | find 
many of your projects of 
interest to me cannot be built 
because they depend on 
chips that not available in 
single quantities (even after a 
search on the Internet world- 
wide). In particular the high- 
end pre-amp and the versa- 
tile final amplifier of a few 
years ago. The same prob- 
lem arises with your new 
Class amplifier project. 
These all depend on a single 
crucial, but unobtainable, 
chip. Would it be possible to 
supply these through your 
magazine or at least for ihe 
authors to specify a supplier? 
Malcolm Read 


Here is the contact information for 
Тїра UK distributor: 
Profusion ple, Aviation Way, 
Southend-on-Sea, Essex SS2 
6UN. Tel: +44 1702 543500, 
Fax: +44 1702 543700. 
sales@profusionple.com 


Two internationally operating sup- 
pliers of kits and components 
specifically for Elektor projects 
are: 

Geist Electronic, 
waww.geistelectronic.de 

DIL Electronics, www.dil.nl 


PA300 Amplifier Hi 
again Jon, l'd like to con- 
struct the PA300 amplifier, 
but I'd like to know if this is 
possible. 

| don't have the 625-УА 
transformer required, but 
instead | have two of 300.VA 
40-0-40V transformers which 
| was going to use to build a 
stereo version of the PA300. 
Now | understand that | will 
not achieve 300 watts into 

4 ohms per channel based 
on 300 VA. 

What I'd like to know clearly 
is what the estimated power 
output will be for 8 & 4 ohms 
on 300 VA. | will use опе 
transformer per channel. 

| know there will be reduced 
power which will be enough 
for my needs but like to know 
what that is and for example 
will here be higher distor- 
lion? 

Also | have 10,000 uF 
capacitors rated at 63 V, can 
1 use 63-У capacitors in the 
power supply instead of 

100 V as specified in the 
parts list? As my transformer 
delivers 40 Vac per rail this 
would be about 56 Vdc, so 
well below 63 V. 

Can | still build this amplifier 
withithis-reduced power sup: 
ply and is the setup of the 
quiescent current the same? 
I've always wanted to build 
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this amp but haven't been too 
sure on a few things. I've 
heard many good things 
about it. 

Ed Zammit (Melbourne) 


Well Ed the lower transformer 
voltage will cause a supply volt- 
age reduction of about 4 volts (at 
zero load). This will only decrease 
the maximum power output. The 
music power to be expected is 
260 W into 4 ohms and 150 W 
into 8 ohms. Continuous power 
will be even less, due to the 
reduced power rating of the 
transformer and is hard to pre- 
dict, because of unknown over- 
load properties. 


USB-to Analogue 
Converter Dear Jan, in 
the November 2003 issue, 
downloads for the USB 
Analogue Converter were 
stated to be available from 
the Elektor website. However, 
the HEX file used in the proj- 
ect (Elk.hex) was not one of 
the files included in the 
zipped file 020374-11 (hex 
code and Windows soft- 
ware). Also, it was not clear 
what files were required in 
the MPLAB project to compile 
and program the 
PIC16C765. If possible, 
could you provide the neces- 
sary information to enable 
me to finish this excellent 
project. 

Kieran McAreavey 


Several readers have asked basi- 
cally the same question. The 
required HEX file (ELK35.HEX) is 
in the zip file under the directory 
‘fic_ass’. The source code pro- 
vided is not guaranteed to be of 
direct use in MPLAB. It is not clear 
which assembler the author of the 
article used, so we are unable to 
help you with assembling the 
source code using MPLAB. This 
_ should be fairly easy however. 
Due to the fact that the HEX-file is 
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included there is no direct need 
for you to assemble the source- 
code again, unless you want to 
modify the firmware to suit your 
own requirements. 


High-End Preamplifier 
Dear Editor, by now this 
should be a very popular 
question: what is the manu- 
facturer's name (and Р.М.) for 
the 16x2 LCD used in the 
High-end Preamp (April and 
May 2004)? | mean the one 
used by the author, Benjamin 
Hinrichs (the audiophile com- 
munity owes him a lotl). | 
don't know if there's a stan- 
dard interface and any equiv- 
alent part would fit... 

Sergiu Ignat (Montreal) 


Fornell (www.farnell.com) have a 
series of All Shore Industries, Inc. 
in stock. Look for order code 
412-7316. The module Mr. Hin- 
richs used is of unknown origin. 


Simple 12-to-230V 
Power Inverter Dear 
Editor, | am a teacher at a 
Polytechnic and would like to 
use the Simple 12-40-230V 
Power Inverter (February 
2004) as a classroom proj- 
ect. Unfortunately | can not 
quite grasp the function of 
the ‘R-C-Z diode’ combination 
(D4, R14, C9, C10) in your 
circuit. Is this some kind of 
protective circuit? Also, what 
is the specification for the 
heatsink as that information 
is missing from the article. 
Oliver Sluka (Austria) 


When ТІ or T2 switches off, 
harmful voltage peaks may occur 
at the drain because an induc- 
tance (in fact, an non-ideal trans- 
former) is seen between X2-X4. 
Diode 05 shunts these peaks into 
C and C10. These capacitors 


have to be discharged, however, 
to prevent them building up 
excessive voltage levels. As soon 
as the voltage on C9 exceeds the 
supply level plus the zener voltage 
lie., approx. 30 volts), the 
charge is shunted off preventing 
the capacitor voltage from rising 
further. 05 and 06 ensure that 
C? and C10 do not affect the 
operation of te inverter under 
normal circumstances. Without 
these diodes, the capacitors could 
give rise to resonance. 05 and 
Dé only serve as damping 
devices when the voltage exceeds 
30 V. 

The heat sink specification is 
10 K/W minimum. 


CORRECTIONS 8. 
UPDATES 


Build Your Own DRM 
receiver 

March 2004, p.12, 
030365.1 

New software has been 
developed for this project 
that allows an USB/RS232 
adapter to be used. This 
means the receiver can now 
be controlled from a laptop 
without a serial port. Free 
Download, see September 
2004 items. 


First Steps 

May 2004, p. 30-34, 
030203-1 

In the circuit diagram the 
value of R17 and R18 is 
shown as 10 k, while 1 M 
appears in the ports list. The 
value is not critical but in 
practice 10 k will provide the 
best protection against noise 


at the FET inputs. 

Personal Sound to Light 
Unit 

June 2004, p. 58-60, 
030019-1 

The type code of IC1 should 
be LM358, not LM385 (text, 
paris list and schematic). 


DDS RF Signal 
Generator 

October 2003, p.14-22, 
020299-1 

Constructors are advised that 
а new version of the con- 
troller firmware is now avail- 
able (ref. 020299-41). The 
update solves the problem of 
the software crashing when 
the 'B' key is pressed to 
switch between dBm and V. 
For а free update, return your 
controller chip with the 
Elektor ESS sticker on it to 
Readers Services, att. Mr. J. 
Visser, Software Service. 


MailBox Terms 


- Publication of reader's correspon- 
dence is at the discretion of the 
Editor. 

— Viewpoints expressed by corres- 
pondents are not necessarily 

those of the Editor or Publisher. 

- Correspondence may be translated 
or edited for length, clarity and 
style 

-When replying to Mailbox core- 
spondence, please quote Issue 
number. 

~ Please send your МайВох corre- 
spondence to: 
editor@elektor-electronics.co.uk or 
Elektor Electronics, The Editor, РО. 
Box 190, 

Tunbridge Wells TNS 7WY. England. 
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Martin Ohsmann was born іп 1959 
and as the photograph shows, got 
the hang of ‘all things electric’ 
(including hammers) at a very early 
age. Martin read electrical engi- 
neering at Technical University 
Aachen (RWTH), Germany, gradu- 
ating in 1984. He became a staff 
member of the RWTH Mathematics 
Faculty (dissertation 1988), devel- 
opment engineer, scientific staff 
member of Philips Research Labs in 
Aachen. Since 1999 Martin is a 
Professor of Electrical Engineering 
and Information Technology at FH 
Aachen, lecturing in Operating Sys- 
tems and Distributed Systems. 
Martin Ohsmann has been reading 
the German version of Elektor since 
1972. His first contribution to the 
magazine was an article on RDS 
decoding using a PC; this was pub- 
lished in 1989. 
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қасаға: 


UIZZ' 


Many of you will have substantial amounts 
of identical resistors lying around, perhaps 
bought years ago as a зирег pack' ог 
some eler “ксоор” offer. To practice the 
noble art of soldering, dozens of these com- 
ponents Moy be soldered together to form a 
square gi array (Figure 1). Supposing 
you had an infinite number of resistors 
available, the array, too, would be infinite. 
This month we kick off our Quizz'away 
series with this problem: 


If you feel like solving the problem the prac- 
tical way, simply start soldering away a few 
dozen resistors and perform a simple meas- 
urement in order to get an approximate 
answer. Alternatively, why not push the lim- 
its of your electronics simulation program? 
Note however that we're not satisfied with 
just the value, but also require а well-sub- 
stantiated explanation, comprising as little 
mathematics as possible, please! 

It is also possible to have a go at three- 
dimensional arrays like cubes (Figure 2). 
Have fun! 


Supplementary question 
If you are not convinced that your explana- 
tion with the value measured in Figure 1 
makes sense or is as simple as possible, 
you have a second chance to participate 
and win in this quiz. In the cube shown in 
Figure 2, the resistors form a three-dimen- 
sional array resembling the crystal structure 
of a diamond. 


The supplementary 
question is: 
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Quizz’away 
and win! 


Send in the best answer to this month's Quizz'away 
question and win this Voltcraft USB Oscillo- 
scope from Conrad Electronics, worth £135. 





All answers are processed by Martin Ohsmann in со- 
operation with Elektor editorial staff. Results are по! 
open to discussion or correspondence and a lucky 
winner is drawn in case of several correct answers. 


Five participants with the correct (ог best) answer 
are rewarded with a 128-MB Elektor Electronics 
USB Memory Stick. 


Quizz'away conditions 


Please send your answer to this month's Quiz- 
z'away problem, and/or һе supplementary 
question by email, fax or letter to: 

Quizz'away, Elektor Electronics, PO Box 190, 
Tunbridge Wells TN5 7WY, England. Fax 
(+44) (01580 200616. Email editor@elektor- 
electronics.co.uk, subject: ‘quizzaway 09-04’. 


The closing date is 24 September 
2004. The outcome of the quiz is final. The 
quiz is not open to employees of Segment b.v., 
ils business partners and/or associated. pub- 
lishing houses. 


9/2004 - elektor electronics 
х ee eee eee 


81 


з2 


readers services 


Please Note 
Software tems marked @ are avaiable from the Free Downloads page 
of the Publishers website а ww eiektoeelectronis co.uk. 


Diskettes are supplied for the convenience of readers without Internet access. 


READY-BUILT PROJECTS 

Gameboy Digital Sampling Oscilloscope (88080) 
99082-01 ready populated and tested board 

Micro Webserver with MSC1210 Board 


(030060-91 Microprocessor Board, ready-assembled 
05402601 Network Extension Board, ready-assembled 


04102682 Combined package (030060-91 + 044026-91 and al related articles) 


18495 


EVERGREENS 
Elektor Electronics Help Disk 
2850221 Disk, Windows version. 
Elektor Electronics Item Tracer 1985-2003 
(МӨ001-11 contents database (disk, Windows version) 
Universal Prototyping Boards 


UPBS-1 РСВ 
UPBS-2 2РС8% 
UPBS-4 4 PCBS 


no.335 SEPTEMBER 2004 
Clarity 300-W Class-T Amplifier 
030217-91 Ampifer board with SMDs pre-ftted; cores for L1 & L2 
Rolling Dice. 
@ 040248-1 PCB set (6 sides) 
8 03024841 Disk source & hex fies 
@ 04024841 АТЕ902051-12Р1, programmed 
Swiss Army Кайе 
403084 РСВ set: MOU, RS232, USB 
@ 00048-11 Disk set (a+b), al project software 
03048-41 АТ8958252-24РС, programmed 


по.334 JULY/AUGUST 2004 

ІН Servo Motor Interface 

@ 020356-11 Disk, RCX program and PIC source & object code 
02035541 PICIGFG28, programmed 
02035842 PICTEFE2B, programmed 

‘Micro Webserver with MSC1210 Board 

© 044026-1 Network Extension Board, PCB only 

А/С Analyser 

8 030178-11 Disk PIC source code. 
03017841 РїС16627-4/СР programmed 

USB Converter Controlled via HTML 

@ 04403-11 Disk, example programs 

Working with Activex 

@ 02013141 Disk 


no.333 JUNE 2004 


Multi Programmer 

Q 020335-1 РСВ 

40203351 Disk firmware & source code 

Pockel Pong 

@ 03032011 Disk PIC software 

Rail Router 

@ 0300021 РСВ 

@ 030403-11 Disk PIC & PC software 
030403 PIC16F877-20P. programmed 

‘Smooth Operator 

@ 03020041 Disk PIC software. 
030208-41 PICT6FB4-10 programmed 


по.332 MAY 2004 


Design Your Own IC 

@ 0303851 РСВ 

High-End Preamp 

@ 0200461 РСВ — main board 

© 0200462 РСВ — relay board 

@ 0200453 РСВ — PSU board 

8 0200461 Disk 
102004641 PICIELFAS2-L. programmed. 

Wind Speed & Direction Meter 

@ 030371- Disk project software 
030371-41 PICTGFB71, programmed. 


no. 331 APRIL 2004 


Drop-in Microcontroller Board 

@ 020148-1 PCB 

@ 02014811 Disk sample project fie 

Pandora's Sound & Music Вох 

@ 035024 PCS 

© 030402-11 Disk source and hex code fies 
03040241 PICIEFETI/P programmed 
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870 
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550 
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490 
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490 
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490 


880 


490 


1080 
400 
2145 


490 
1470 


1565 


845 
750 
670 
490 

2820 


4% 
1755 
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420 
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137.90 


11250 
7385 


10350 


1445 
1435 


430 
725 
1155 


5570 
2430 
1540 


1680 
1150 
4575 


855 
1770 
1770 


1850 


865 
1815 


865 


8565 


1560 


865 
1945 
3785 


865 


2710 


1495 
1330 
1125 

865 
4850 


885 
3105 





Ратод boards (PCBs), seadheshe frt 
parei fois, ROMS, EPROMs, PALS, GALS. microcon- 
одих and Gisketes for projects which have 
appeared in Бей Electronics may be ordered using 
Фе Order Form printed oppose. The form may s0 
be esed ta order books (private customers only) 


= The artwork for mating 2 PCB which is not avat- 
азе ready-made trough the Readers Services 
may be found inthe relevant artis. 


= EPROMSs, GALS, PALS, (E)PLDs, MACHS, PICs and 
other microcortrullrs are supplied ready-pro- 
алтай. 


Prices and tem descriptions subject to change. The 
publishers reserve the right to change prices without 
[rice оёёсазол, Prices and item descriptions shown 
here supersede those in previous issues. E & OE 


PAST ISSUES 


Past issues, Я avalible, should be оша from 
Worldwide Subscription Service Ltd, Usi 4, байх. 
Reed Farm, Pashley Read, TICEHURST ТЕЗ THE, 
England, telephone (+44) 1580 200657, fax (+44) 
1850 200616, email wuss@wwss demoa. co ut 
Prices of past issues (except July/August and 
December, коша] postage for singe cogis, are 
£475 (UK and Eve}; £5.30 (air тай Europe) £6.10 
(simal outside Europe), Prices of past My Auges 
зл] December issues, inducing postage for sine 
copies, are 1855 (UK ond Ere): 6735 (ит 
Europe); and £845 (ваа acsi Europe). 


PAST ARTICLES 


For information on past aries, pease contact cur 
Бойы and Administrative Otices, telephone 
(01580) 200657; fax 200516, email sslesosleltn- 
tiectronics co.uk 


n uss 
VHF-Low Explorer 
@ оны PCB 880 1850 
No. 330 MARCH 2004 
Build Your Own DRM Receiver. 
© 039554 РСВ 910 1610 
8 03035541 Disk DANLexe program ЕЕ 865 
Code Lock 
ашына ра 960 1695 
@ 0040-11 Disk source & hex code fles 4% 855 
020434-41 Pict6FBAA-4R programmed 1470 2800 
Hands-on CPLDs (2) 
@ 030521 FCB 590 1575 
@ 030052-11 Software зө 865 
030052 EPM7128SLC84-15, programmed 3340 5910 
Multichannel Failsafe for Radio Controlled Models 
@ 02038211 Disk, source code fie 490 865 
02082-41 ATESCS2-24J, programmed 870 1540 
‘Multifunction Frequency Meter 
@ 0301361 PCB 935 1655 
@ 03013541 Disk, project software. 490 865 
03018-41 А19092313-102С, programmed 745 1405 
Мо, 329 FEBRUARY 2004 
Digital Alarm Clock 
48 03008641 Disk, РІС source and hex code 490 865 
03000641 PIC16F84-04/p, programmed 1520 2690 
iAccess 
@ 020163-11 Disk set. source code and control software 750 1330 
02016341 ATE9SE252-12PC, programmed 1390 2460 
‘Simple 12-to-230V Power Inverter 
ашына PCB 850 1805 
Touch-controlled Switch 
@ 030214-11 Disk, PIC source code 4% 885 
03021441 РІСТ2С508А04/508, programmed 615 10% 
Мо. 328 JANUARY 2004 
64-К 80552 Flash Board 
© 0300521 РСВ 935 1655 
@ 030042411 Disk misc. project software 4% 865 
03002.21 298010, programmed 1000 1770 
030042-21 GAL 161801508 programmed 610 1080 
Climate Logger 
Q 030761 PCB 748 1370 
© 030076-11 Disk Windows software. 400 885 
FMS Flight Simulator Encoder 
© 030651 РОВ 1020 1805 
03006641 ВЛРСТӨТВН, programmed 1705 3015 
LED Roulette. 
© 030681 РСВ тю 31.60 
(8 020168-11 Disk source and hex fies 49 865 
03016831 892051-12РС, programmed 8% 1425 
Multi-event Alarm Clock 
@ 02030-11 Disk C (source) hex fies 490 865 
02030441 АТВ9С2051-12С, programmed 610 1080 
‘Stepper Motors Uncovered 
020127-41 PIC16F873-20/SP 1940 3380 
No. 327 DECEMBER 2003 
FM Remote Control Transmitter & Receiver 
@ Оном РСЕ 1020 1805 
LED Christmas Decoration 
@ 03057-1 PCB 755 1235 
РВТЇРСТбх Programmer 
© 02031311 Disk project software 490 865 
Project Timekeeper 
@ 02035011 Disk source & object code Нез 490 865 
02035041 PICTERSS-102 programmed 1315 225 
elektor electronics - 9/2004 
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Stepper Motors Uncovered (2) 
48: 020127-11 Disk, source code Не. 
Universal Clock Generator 

@ 020395-11 Disk source code Не 
Wireless В8232 Link 

@ 00201 Poa 


No. 326 NOVEMBER 2003 


Precision Measurement Central 
© 030050: РВ 


Мо. 326 NOVEMBER 2003 

Rev Counter for R/C Models 

@ 0241111 РСВ 
02411-11 Disk, source and hex code 
(0411-41. 8902051-12Р6, programmed 

Running Тех! Display 

(8 020407-11 Disk, source and hex code 

USB Analogue Converter 

© 020974-1 РСВ 

6 020374-11 Disk hex code and Windows software 
02037441. PICTECTES, programmed 


Мо. 325 OCTOBER 2003 

DDS ВЕ Signal Generator 

@ 0202991 PCB, generator 

8 0200992 РСВ, controlsupply. 
020289-41 АТ9058515 8PC, programmed 

‘Minimalist Induction-Balance Metal Detector 

@ 022901 PCB 

Xilinx PROM Programmer 

@ 010109411 Software 


Мо. 324 SEPTEMBER 2003 
МҮ Picture Generator 
@ 020205-11 Disk, source & hex code fies. 
02255-41 АТ9058515-8РС, programmed 
02025-42 АТ9051200-12РС, programmed 
DTMF Remote Telephone Switch 
@ 02024-1 РОВ 
@ 020294-11 Disk, project software. 
020294-41 PICIEFESA-20R programmed 
LC Display with 126 Bus 
@ 030060-2 РСВ 
PICProg 2003 
Ө 0102021 PCB 
@ 01020241 Disk Windows software 
01020241 PICIGFBT4-207 programmed 
Polyphonic Doorbell 
8 020354-11 Disk, project software 
020354-41 PICTEFB4A-10R programmed 
Precision Measurement Central 
03000-91. Ready-assembied & tested board 
Valve Preamplifier (1) 
© 020383-1 РОВ, amplifier board 
@ 020383-2 РСВ, power supply board 
@ 0203833 PCB, VO board 


No. 323 JULY/AUGUST 2003 
Add a Sparkle 
@ 02028341 Disk HEX and source fies 
0202931 РО12С509А-045М, programmed 
19052313 Programmer 
@ 024036-1 PCB 
Hard Disk Selector 
@ 034050-1 РСВ 
‘Mini Running Text Display 
(8 02036511 Disk, source code fie 
Mini Test Chart Generator 
© 020403-11 Disk PIC source cose 


Programming Tool for ATtiny15 
© 0300301 РСВ 


© 030030-11 Disk, project software 

Quad Bridge Car Amp. 

© 0340391 РСВ 

Remote Light Control with Dimmer 

8 02033741 Disk, HEX and source fes. 
020337-41 АТ8902051-12, programmed 


Мо. 322 JUNE 2003 
AVR TV Tennis 


© 030026-11 Disk AVR source code 
03026-41 А1908515, programmed. 
Electronic Knotted Handkerchief 


+ © 020308-11 Disk, PC and controler software 


20308-41 ATS0S2313-10PC, programmed 
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490 
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420 


e70 
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490 
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865 
86 


1540 
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31.00 
855 
1565 
885 
1350 


2345 


2055 
2145 
5405 


1585 


865 


865 
2480 
2060 
2600 
1300 


1600 


4165 


865 
2555 


11250 


2040 
1280 


855 
1340 


1600 
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885 
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1335 
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1535 
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1105 


1540 
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‘Low-Cost LCD Controller (2) 

@ 0201141 РСВ 

@ 0201411 Disk project software 

Night Light Control 

8 020115-11 Disk hex and source code 
07011547 ATS0S2313-10PC, programmed 

Universal XA Development Board. 

@ 0101031 РСВ 

8 01010311 Disk GAL code, EPROM hex fies, XADEV 
010321 EPROM IC8, 27256-30, programmed 
010103-22 EPROM КЭ, 270255-00, programmed 
01010331 GAL 1618, programmed 


No. 321 MAY 2003 

Countdown Timer 

© 0202%-11 Disk source and hex code 
02026-41 ATEOST200, programmed 

USB Audio Recorder 

© 01201311 Disk, EPROM hex code 
01201321. EPROM 276512, programmed 

Valve Final Amp (2) 

@ 0200711 — Amplifier board (оле channel) 

© 020071-2 — Poner supply board 


No. 320 APRIL 2003 
8-Channel Disco Light Controller 
© 0101311 РСВ 

010131-41 876750 or 87671, programmed 


Pico PLC 

@ 0100394 РСВ 

@ 010059-11 Disk, test program 
Single-Chip Tone Control. 

@ 020544 РСВ 


Switched-Outlet Power Bar with 85232 Control 

@ 020298-1 РВ 

8 02029811 Disk, project software 

‘Temperature Indicator for the PC 

8 020380-11 Disk source and compiled code 
O20380-H АТ8922051, programmed 


No. 319 MARCH 2003 
17 V / 10 A Switch-Mode Power Supply 
020054-3 РСВ 


Add-on Switch unit for R/C Models. 

@ 020126-1 PCB 

@ 02012641 Disk, hex and source fies 
0201254 PICIECT12-041/50, programmed 

АМНев Development System 

@ 0203511 РСВ 

8 02035111 Disk example programs 

Guitar Effects Switchbox 

@ 0201611 РСВ 

Intelligent Fan Timer 

© 020170-11 Disk project software 
02017041 MSP430F1121, programmed 

ЗАА3049 Replacement 

@ 020085-1 РВ 

@ 02008511 Disk, source and hex code 
020085-41 BTLPCTÉ4BN, programmed 

Two-Colour Running Light 

@ 010134-1 РСВ, controler board 

@ 0101342 PCB, LED board 

@ 010134-11 Disk project software 
010134-41 ATESC2051-12PC, programmed 


Мо, 318 FEBRUARY 2003 

20/40 MHz Logic Analyser 

@ 020324 PCB 

@ 02932-11 Disk dema 
020032-1 АТоО58515 886, 

Active Loudspeaker System (2) 

@ 20542 РОВ 

Auloranging Capacitance Meter 

Q 020844 РСВ 

© 020144-1) Disk source and hex fies 
0201444  PICIGFBAA-20/P programmed 

Dimmer with 0-10 V Control Input. 

Q 010125-1 contrat PCB 

@ 0101252  dmmerPCB 

Electronic Hourglass 

@ 0200361 PCB 

@ 02003211 Disk project softwere 
02003641 PICIEFB4-04P programmed 
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sneak preview 


Oscilloscopes 

Aniosciloscope is oné af the noit veriaile and 
powerful tools you can have at your disposal 
when it comes to analysing electronic circuit 
behaviour (weird, erratic or ‘as expected’), fault 
finding and repair. In this айе we provide an 
overview of CRT oscilloscopes currently on the 
market and tell you what to look for in respect of 
specification, look and feel and ease of use, all 
depending оп your budget, of courte: 


Measurement Software for PCs 
Professional systems for measurement, control 
and process technology are heavily dominated 
by PC-hosted measurement cards. To ensure they 
can be used in many configurations, these cards 





Goodbye ‘16, 

Welcome PIC18F 

The devices in the 18Fxx2 series of 
microcontrollers that has been recently 
introduced are pin for pin compatible 
with their predecessors from the 16F87x 
series and incorporate some significant 
improvements. In this two-part article 
Ron Coates looks at the advantages of 
these powerful cousins in the 18F series. 








have only the bare minimum in respect of "intelli 
gence’, and their full potential is only unleashed 
in combination with dedicated software. In this 


Also. 








article we present LabView and Profilab Expert, 
two programs for this application area that differ 
considerably not only іп complexity but also in 
popularity and price 





Capacitively Coupled SMPSU, USB 
Memory Stick, CO» Sensor, Slave 
Flosher for Digital Cameras, PICXEX18, 
Body Fat Meters, Wideband Active RF 
Probe 








RESERVE YOUR COPY NOW! 


The October 2004 issue goes on sole on Friday 17 September 2004 (UK distribution only), 
UK subscribers will receive the magazine 0 few days before this date. 


Article titles ond magazine contents subject to chonge. 








NEWSAGENTS ORDER FORM 
SHOP SAVE / HOME DELIVERY 


Please save / deliver one copy of Elektor Electronics magazine for me each month 








lektor 


lectronics 








Name: 
Address: Please cut out or photocopy this form, com- 
Post code: plete details and hand to your newsagent. 
Telephone: Elektor Electronics is published on the third 
Date: Friday of each month, except in July. 
Er uc Distribution S.O.R. by Seymour (NS). 
INDEX OF ADVERTISERS 
Allgood Technology, Net Links wwallgoadtechnology com . . 16 London Electronics со, Net Links. 





Beta Layout, Net Links 
BK Electronics ... 
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ADVERTISING SPACE for the issue of 19 Odnber 2004 may be reserved 

not later than 21 September 2004 with Elektor Electronics (Publishing) Advertisement Office — 
3 Crescent Terrace — Cheltenham GL50 3PE — England — Telephone 01242 510 760 — 

Fax 01242 226 626 — e-mail: bemarchubbard@ukoning co.uk to whom ай correspondence, 
copy instructions and artwork should be addressed. 
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Please supply the following. For PCBs, front panel foils, EPROMs, PALs, GALs, microcontrollers and diskettes, state the part number 
and description; for books, state the full title; for photocopies of articles, state full name of article and month and year of publication. 
PLEASE USE BLOCK CAPITALS. 


Descriptic ын п PU 
шинэвтэр тіге васп Qu. Total Order Code HOD OF PAYMENT 


(see reverse before ticking as appropriat 


CD-ROM Robotics 


Note: cheques not made out 
in sterling must be increased 


Micro Web Server: by the equivalent of £15.00 








MSC 1210 board £ 69.00 o 
= Bank draft 
Network extension £ 41.95 
= Cheque 
Combined package £103.50 (payable to Elektor Electronics Publishing 
Giro transfer 


п account no. 34 152 3801) 
[Г] Postatimoney order 


ia LT. 


itoan 


Please send this order form to * 
(see reverse for conditions) 


Elektor Electronics (Publishinc 


CD-ROM ECD Edition 2 





























Prices and item descriptions subject to change. 
The publishers reserve the right to change prices. 

without prior notification, Prices and item descriptions 
shown here supersede those in previous issues. E. 8 O.E. 


‘SWITCH only: issue number: P.O. Box 190 


Tunbridge Wells TN5 7WY 
Name ENGLAND 
Tel.: (+44) (0)1580 200 657 


Fax: (+44) (0)1580 200 616 
Internet: www.elektor-electronics.co.uk 








Address 





"USA and Canada residents may 
(but ate not obliged to) 
Use $ prices, and send the order form to: 
Tel. Fax Email 014 Colony Sound Lab 
РО. Box 876. Peterborough 
у NH 03458-0876. Tel, (603) 924-6371, 924-6526, 
Date - -2004 Signature Fax: (603) 924-9487 








Email: custservifaudioXpress, com 





Yes, 1 am taking out an 18-month 
subscription to elektor electronics 
and receive a free 128-MB USB 
Memory Stick. 


METHOD OF PAYMENT 


(see reverse before ticking as appropriati 


Note: cheques not made out 
in sterling must be increased 
by the equivalent of £15.00 


L1 Bank draft 


Li Cheque 
(payable to Elektor Electronics Publishing) 


I would like: 


[ | Standard Subscription (17 issues) 


Li Subscription-Plus 
(17 issues plus the Elektor Volume 2004 CD-ROM) 


Giro transfer 
(our account no. 34 152 3801) 


Postal/money order 
П "VISA 

[к=з х= 

Expiry date: 


ШИШ 


Address Please send this order form to 


Worldwide Subscription Service Lt 
Post code Unit 4, Gibbs Reed Farm 
Pashley Road 
Email Ticehurst, nr. Wadhurst 
East Sussex 
ENGLAND ТМ5 7HE 
* cross out what is not applicable Tel. (+44) (0)1580 200657 


Fax (+44) (0)1580 200616 
ELOS Email vavss @wwss.demon.co.uk 


‘See reverse for rates and conditions. 











Title (Dr/Mr/Mrs/Ms*) Initials Surname 
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Date = -2004 Signature 
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right All drawings, ere ЕС 
circuits, disketes Л software carriers published n our (dis and magazines (other r than el a d may 1 
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073 на 


у pe of, or in. connexion with, tl ices | с: 
than to supply | цас as described or, at the option of Elektor E Р ё i in respect of the 
juestion relating to the supp goods | ktor Elec! (Publishing) sha et ned in all respects by the laws. of 
January 2004 | 
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285730) 82.95 
£58.50. £84.75 | 
£10200 | | 
£10500 | | 
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10,000's 
SOLD 
TO PRO 
USERS 





| FOUR MODELS:- MxF200 (100W + 100W) MXF400 (200W + 2000) 
MXF600 (300W + 300W) MXF900 (450W + 450W) 


IGS ARE R.M.S. INTO 4 OHMS, WITH BOTH CHANNELS DRIVEN 
toroidal „transformers 


|. | ALLPOWER БАТІМІ 
| | FEATURES: * 
J | “Туп. ЕБ. Vu Meters 





| Speak оп Outputs “Standar ат 77501 Iv ing s Open and id гез 
for stress free. into virtuall jh siew Ve fistortion * Aluminiu 
Cases "МАКЫ А HAF en бой ман DE Гора La ey dae aun 








USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC 


| MERE ро: c E 
| sizes: MEAO Wi 
MXES00 WIS D14* H5 
PRICES:- MXF200 £175.00 MXF400 £233.85 


MXF600 £329.00 MXF900 £449.15 
SPECIALIST CARRIER DEL £12.50 Each 





| The OMP MFD600 can be used as a stand alone 
| monoblock amplifier or fitted into existing loudspeakers to 
make them active 


e Compact design due to switch mode P.S.U. 
ө 9096 Efficient high switching frequency 
e Small size, fits in a 110mm x 92mm opening 
e Neutrik* Combi input balanced / unbalanced 
e Output fully protected 
| e Status LEDS - Presence / Clip / Protect 
e 600W/2 Ohm - 500W / 4 Ohm - 300W / 8 Ohm 
e All powers in R.M.S. 
| e Volume control. Input sensi 
e Freq. Response 2Hz-20kHz 
| ө Light weight 3kg Stunning performance 
For further information please Audiophile Quality 
| look at our website at 


| www.bkelec.com and click on 
the modules and hybrids button 


| Special uantit гїсїп 
| ang customised WOR for 





ity 775mV 


| Price £281.12 Inc Vat Each or 
£499.00 Per Pair when quot- 
{ ing this advert 
Carriage UK Mainland Only £8.00 


The BSB Range of Sub Bass Amplifiers consists of 
panels with power outputs of SOW to 500W to suit most 
ofthe DIY enthusiasts needs. Al panels are aight and 
come equipped with both high and low level inputs with 
seperate gain controls, frequency adjust and 0-180 
Deg. continous phase control adjustment. А full 
‘connection lead pack included 





MODEL PRICE IMP. * Please 
BSBP50 £89.95 8Ohm State 4 
BSBP100 117.44 *4/8 Ohm ог8 Ohm 
| BSBP200 £149.50 *4/8 Ohm when 
| BSBP300 £184.50 40hm ordering 
BSBP500 219.50 4 Ohm 


| Model Shown:- BSBP200 


| SPECIFICATIONS:-* POWER 200W RMS @ 4 or 8 OHMS "FREQ RESP. 10Hz 15KHz 
| -3dB * DAMPING FACTOR »200 * DISTORTION 0.05% * S/N A WEIGHTED »100dB * 
SUPPLY 230V A.C. "WEIGHT 5.0Kg * SIZE H254 X W254 X D95mm 


[THERE АНЕ 2 VERSIONS OF THE ABOVE PANEL AVAILABLE :85В2008 
\ОНМ VERSION Е WEBSITE FOR 


SION CHECK 
СОЁЛ 











DELIVERY CHARGES:- PLEASE INCLUDE ҮТИ MINI- 
МОМ CHARGE OF £8.00 TO A MAXIMUM AMOUNT. 

FROM 5С! COLLEGES, 
PLCS ETO. PRICES INCLUSIVE OF VAT. SALES COUNTER. 
CREDIT CARD ORDERS ACCEPTED BY POST PHONE OR FAX. 
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| The MXF1200D is not only a must for РА and Disco. 
instal, 
| Can be driven direct from a CD player and has balanced XLR input, unbalanced jack input. 









Try us for Tivoli Radio 
Tivoli Radio 1 Just £91.95 Carriage £8.00 


Ме have combined the famous Peerles XLS10 
with our renowned BSBP200/4 sub bass panel 
йїп а compact MDF cabinet that measures only 
0380 x Н295 x H295 to produce a truly 


Hi-Fi and AV use. 








Features:- "High and low level inputs "Frequency 
adjust "Continous phase control "200W RMS 
“Seperate control of high and low level gain 
“Ашатайс Speaker Protection. Comes 
complete with mains lead, 5m stereo phono 
lead, 10m High level lead and Spikes 
Available in Silver or Black, for further | 
information please look on ойг website at 
http: lec.com 
EXTRON Each plus ea camisge vät the emi. Intemational carriage 

i Geman, Fe бай ary an land at GIG per 


lends 
HiFi use. 


use, but its 


itself readily to Studio end High Power AV Cinema i is also sutable for HtEnd 


The latest in high-tech Class D amplifiers coupled to two independant switch-mode power 
supplies. Front Panel:- Presence Leds, Cip Leds, ! it volume controis and. 
power On/Off switch with cool blue iluminated surrounds. Rear Panel:- Mains IEC input, 
Neutrik Speakon outputs and Neutrik Combi inputs 





Golf Ball Heig! Specification: Output power 600W RMS into 2 Ohm, 500W RMS 
into into 8 Ohm Freq response to 
Б у 22kHz. Input ser 775m, Input Imp 5k Ohms, THD. 01% 


insitiviy 
5 SN 85dB, Power Supply 230V AC LOU Freq. 450kHz, 


Weight 8.0kg, Size H44 x W482 x L37t 


Цэх сан row ero a кода vie serr ік алау pereas acd performance at a realistic price. 

| mode's are avalabie to sut the needs of the professional and industry, Leisure, instrumental 
and HiFi etc. When comparing prices, NOTE that al models toroidal power supply, integral heatsink | 

[glass fire РСВ. and drive circuits to power compute Yi reac келін ее CST Лин 

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS | | 

ОМР/МЕ 100 Mos-Fet Output Power 110 watts [f 

0, д RMS. то 4 ohms frequency response tHe =I 

ТОХЬ 308. Damping Facto > w Rale| 

(uS, THD: typical 0,0025, input < Sensi 
ёт SNR: НО, Size 300 Y xem] 
сын 8388 F400 PEP 


QNPIMÉ 200, Mos-Fet Output Power 200 yal 
juency 

















ТЗ Sew Ral ШАН 
puo E ES i 5 СД 
ft typical e, Input Sensi 
WSR WB ACER 4 
РЕ uma 53 Ok ani ноот sms] 

RAMS. into, 


4 ohms, frequenc, 
ТООН -зв Damping Factor. Li 1 
ДУШ. TO. 001% ТІЗЕ 

001, S. Size’ 73 x 

IET 


eM BE 450 y Fet Output тов 450 watts| 





inlg 4 ehms frequency response tH 
1 ino Factor >200, Slew Rate 
7 KON, pl 000156 Input Se Sensi 
29049. ENR: р 





Loudspeaker Poste 2 Second Ri тпр 

‘Delay. Size 385 x 210 х 105 

Price £137.85 + £6.00 рар 

Бү 1000 Ра Output Power 1000 watts 
RMS. into 2 ohms, frequency response ihz- 





Esiste OOTES AREAREN EN MO VERSTE 

SES SIEUBANDNDTM аана OR PRC 
ОСОЛ БОЛРБУЕНТ CONPATELE) - INPUT SENS. 
Famw@anOWOTHSISE ORDER STANDARD OR PEC 








The renowned Peerless XLS10 Drive unitis possibly one of the best 10 
inch sub woofer drivers available today. Made in Denmark by Peerless, 
a company synonymous with quality and craftsmanship. This drive unit 
is ideal for inclusion into small enclosures of around 17 гез and will 
give a tight controlled deep bass output. То further enhance the quai- 
без of this unit greater output and deeper bass can be achieved by cou- 
pling the XLS10, with its companion passive radiator the XLS10P 
Peerless XLS 10 £89.00. Peerless XLS10P 32.90 
Carriage £8.00 





awesome sub woofer system suitable for both 





Damping Factor > ең Rale. 
18918380. урра. 001s. Input Зөв) 
500тМ. SNR. 44048. Fan: Cooled. D. 
Loudspeaker Protection. Апі Thump} 
Delay, Size. 422 х 300 x 

Ре: £264.00 + £12.00 рар 


For full specification and prices goto our website at http://www.bkelec.com 


and try our new shopping basket facility 
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E sE | 
© Simulation E 4 
Еки мик ЁГ 


































Schematic & Models 2} 
илышлан} | Pennie New Features 


* Powerful & flexible schematic capture. 1 


8 in Version 6.5 
* Auto-component placement and rip-up/retry PCB routing. : 
% Polygonal gridless ground planes. e Textual library part search. 


9 Libraries of over 8000 schematic and 1000 PCB parts. e User defined keyboard map. 
* Bill of materials, DRC reports and much more. e CADCAM output to ZIP file. 


е Вар EE 
ө Truetype fonts оп PCBs, 
9 Berkeley SPICE3F5 simulator with custom extensions for e Enhanced printer output. 
true mixed mode and interactive simulation. 
* 6 virtual instruments and 14 graph based analysis types. Call Now for Upgrade Pricing 
* 6000 models including TTL, CMOS and PLD digital parts. 
* Fully compatible with manufacturers' SPICE models. 


Proteus VSM - Co-simulation and debugging for popular Micro-controllers 


* Supports PIC, AVR, 8051, and BASIC STAMP micro-controllers. 
* Co-simulate target firmware with your hardware design. NEW 
* Includes interactive peripheral models for LED and LCD displays, 
switches, keypads, virtual terminal and much, much more. ELECTRA 
* Compatible with popular compilers and assemblers from SHAPE BASED 
Microchip, Crownhill, ГАВ, Keil, and others. AUTOROUTER 


NOW AVAILABLE 
daD AC (^ Tel: 01756 753440 
m С е Fax: 01756 752857 
НІП е 5 Contact us for www.labcenter.co.ulc 
53-55 Main Street, Grassington.BD235AA Free Demo CD infoGlabcenter.co.ulc 



















